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Average Effects Analysis 

The average effect from 1,000 to 75,000 miles from the addition of HiTEC 3000 was 

calculated in the same manner as discussed previously using data set ETHYL4S2. 

However, the effects observed when vehicle components were changed at 50,000 

miles and the introduction of a potential tester bias at ECS Laboratories required 

special treatment in this test. 

For review, changes were made in the components of most fleet vehicles at 50,000 

miles to determine what effects on tailpipe emissions were the result of components 

after long-term mileage accumulation as opposed to fuel type. Analysis of these 

changes indicated that in general statistically significant increases occurred about as 

frequently as statistically significant decreases (Attachment G). In three model 

groups, however, statistically significant changes did occur with one fuel type but 

not the other. This required that the component changes be accounted for in the sta

tistical analyses of the 75,000 mile data. 

In addition, the illness of the primary tester at ECS Laboratories and his replacement 

by a group of testers raised a concern about this potential effect on emissions. The 

analysis described and results reported in Attachment H show that statistically 

significant tester differences occur for several model groups for all three pollutants. 

To account for the component change effect and the tester bias, data sets 

ETHYL4S3 and ETHYL*S4 were employed (data set ETHYL4S3 contains an adjust

ment calculated for the component effect change; data set ETHYL4S4 contains an 

adjustment calculated for the tester effect at ECS). The comparison of 75,000 mile 

average effects are shown in Table 4-16 for all three data sets. 

These comparisons are valuable for a number of reasons. First, they confirm that 

the HC effect from the use of HiTEC 3000 remains small. Without any adjustments 

for the component changes or tester bias, the difference between HC emissions over 

the total mileage accumulation program is only about 0.02 g/mi. This is an impor

tant point when compared to the earlier difference of about 0.02 g/mi also for 50,000 

mile data because it indicates that the effect of HiTEC 3000 remains constant 
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TABLE 4-16. Average effects of HiTEC 3000 up to 
75,000 Miles. 

Average Integrated 
Emissions, 1,000 
to 75,000 Miles 

(g/mi) HiTEC 3000 Effect 
EEE HiTEC 3000 (g/mi) 

HC 0.289 0.307 +0.018 

CO 3.30 3.08 -.0.22 

N0X 0.55 0.43 -0.11 

After adjustment for component change effects 

HC 0.291 0.301 +0.010 

CO 3.31 2.97 -0.34 

N0X 0.55 0.43 -0.12 

After adjustment for ECS tester bias 

HC 0.286 0.305 +0.019 

CO 3.23 3.02 -0.21 

N0X 0.54 0.43 -0.11 

90025 i* 
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between 50,000 miles and 75,000 miles. On the other hand, the HiTEC 3000 effects 

on CO and NOx emissions are dramatically improved from the previous test. As seen 

in Figures 4-2 and 4-3, large CO and NOx reductions occur from 50,000 to 75,000 

miles. 

REGRESSION-BASED ADVERSE EFFECTS TEST RESULTS ON 75,000 MILE DATA 

In the earlier discussion of the regression-based adverse effects tests, references 

were made to the selection of the appropriate regression model for analyzing the 

post-50,000 mile data. Based on the statistical analyses conducted and on the visual 

review of the raw data, a quadratic regression model was considered superior to a 

simple linear regression model for use in the four regression-based adverse effects 

tests (Attachment C). A summary of results for these tests is shown in Table 4-17. 

Again, the regression-based adverse effects tests complement the findings of the 

50,000 mile data. For all tests, HiTEC 3000 does not cause a significant adverse 

effect on any regulated pollutant. 

Quadratic Regression Slopes Tests 
Quadratic Regression Deterioration Factors Test, and 
Quadratic Coefficient Test 

In these tests a quadratic curve is fitted through all test observations to 75,000 

miles. The deterioration rate at any mileage point is the estimated slope of the 

regression curve at that mileage. The deterioration factor is the fitted 75,000 mile 

emission rate divided by the fitted 4,000 mile emission rate. The quadratic coef

ficient is again calculated as the rate of decrease of the deterioration rate. 

Table 4-18 displays the three quadratic slopes, the quadratic coefficients, and the 

calculated deterioration factors. The results shown provide further evidence that 

the use of HiTEC 3000 is associated with a beneficial effect on CO and NOx emis

sions over a long-term mileage accumulation program and show no further adverse 

effect for HC emissions after 5,000 miles. For all regulated pollutants, statistical 
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TABLE 4-17. Statistical analysis of 75,000 mile emissions data: results of 
quadratic regression-based adverse-effects tests. The table notes passes (P) for 
both the EPA nonparametric (NPARM) and SAI parametric (PARM) tests. 

HC CO N0X 

Test NPARM PARM NPARM PARM NPARM PARM 

Quadratic regression slopes test P P P P P P 

Quadratic regression P P P P P P 
deterioration factors test 

Violation mileage test P P P P P P 

Maximum percentage of vehicles P P P P P P 
failing standard test 

90025 <• 
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TABLE 4-18. Comparison of deterioration rates and deterioration factors based on quadratic 
regression. The deterioration rate at any mileage point is estimated as the slope of the 
regression curve at that mileage. The deterioration factor is the fitted (from the quadratic 
regression) 75,000 mile emission rate divided by the fitted 4,000 mile emission rate. The 
quadratic coefficient is the rate of change (decrease) in the deterioration rate. 

HC 

CO 

N0X 

EEE 
HiTEC 3000 

EEE 
HiTEC 3000 

EEE 
HiTEC 3000 

Estimated Deterioration Rate/10, 
25,000 Miles 50,000 Miles 75 

0.035 
0.037 

0.52 

0.45 

0.04 
0.01 

0.013 
0.014 

0.25 
0.16 

0.05 
0.01 

000 Miles 
,000 Miles 

-0.008 
-0.009 

-0.03 
-0.12 

0.06 
0.01 

Quadratic 
Coefficient 

-0.004 
-0.005 

-0.05 
-0.06 

0.00 
-0.00 

Deterioration 
Factor 

1.83 
1.83 

2.69 
2.27 

1.85 
1.29 

9002S •« 



P.6 

tests show that HiTEC 3000 does not show an adverse effect in regards to the 25,000 

mile deterioration rate, 50,000 mile deterioration rate, 75,000 mile deterioration 

rate, deterioration coefficient, and deterioration factor (Attachment E, pages El 9-

E33). 

One additional test was performed on the 75,000 mile data related to the quadratic 

regressions slope and factors tests. In order to determine what effect HiTEC 3000 

had on post-50,000 mile emissions for inclusion into MOBILE4, a linear regression 

model was used to develop a fitted line for the data from 50,000 miles to 75,000 

miles. The deterioration rates past 50,000 miles, calculated using linear regression, 

are shown in Table 4-19. 

TABLE 4-19. Comparison of 
linear deterioration rates 
past 50,000 miles. 

Deterioration Rate/ 
10.000 Miles 

EEE HiTEC 3000 

HC 

CO 

NOx 

-0.002 

-0.24 

0.04 

+0.002 

-0.16 

0.01 

Two points are worth noting. First, these deterioration rates are substantially lower 

than those for the first 50,000 miles shown in Table 4-10. Second, the statistical 

comparison of these slopes shows no adverse effect, i.e., no significant difference 

between clear fuel and HiTEC 3000 for any pollutant (Attachment E, pages E34-E36). 

Violation Mileage Test 

The results obtained when the mileage point at which the theoretical emissions vio

late applicable standards is calculated does not show an adverse effect from the use 
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of HiTEC 3000 for any regulated pollutant (Attachment E, pages E37-E39). This is 

consistent with findings in the 50,000 mile assessment. 

Maximum Percentage of Vehicles Failing Standard Test 

In comparing the estimated maximum percentage of vehicles estimated to fail an 

emissions test, the results obtained on the 75,000 mile data show that HiTEC 3000 

passes for HC, CO, and NOx (Attachment E, pages E40-E42). In other words, no 

adverse effect is seen on the estimated percentage of vehicles failing applicable 

standards when vehicles are fueled with the HiTEC 3000 additive. 

CAUSE-OR-CONTRIBUTE TEST BASED ON 75,000 MILE DATA 

The design of this test is similar to that used in both the EPA's 1978 evaluation of 

HiTEC 3000 and previously used in this Appendix to assess the effects of the additive 

over 50,000 miles. A curved regression line developed from the quadratic regression 

model is used to determine whether any adverse emission effect that may result 

from the use of HiTEC 3000 will cause or contribute to the failure of vehicles to 

meet the emission standards for which they were designed. 

The results of this test (Attachment E, pages E43-E45) confirm once again that the 

use of HiTEC 3000 does not cause or contribute to the failure of vehicles to meet 

HC, CO, and NOx standards for which they were designed. 
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5 DISCUSSION AND CONCLUSIONS 

With the enactment of the 1977 Amendments to the Clean Air Act, Congress created 

a new program for regulating automobile fuels and fuel additives. This program, 

embodied in Section 211(f) of the Act, required manufacturers of new fuels and fuel 

additives to demonstrate that their products would not cause or contribute to the 

failure of vehicles to meet applicable emission control standards. 

The enactment of Section 211 reflected to some degree Congress' belief that the 

development of new fuels and fuel additives could further the air quality goals of the 

Clean Air Act. In addition, the EPA was expressly required to give "special empha

sis" to those products "which, when used, result in decreased atmospheric 

emissions." The program developed and conducted by Ethyl Corporation in support 

of this application addresses the concerns voiced by Congress in 1977 and the 

requirements established by the EPA for carrying out Congress' intent. 

To thoroughly assess the effects of HiTEC 3000 in unleaded gasoline and to 

determine if the use of this product causes or contributes to the failure of emission 

control systems or devices to meet standards for which they have been certified, 

Ethyl designed one of the most comprehensive and extensive test programs ever 

undertaken by an individual company in support of a waiver application. This com

prehensive test program evaluated all possible effects on emission control systems 

that could arise from the general use of HiTEC 3000. Included in this program were 

75,000 miles of accumulated data as well as a complete statistical analysis of the 

observed emissions. 

1 3 42 U.S.C Section 7404(a)(1)(E) 
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In this appendix the statistical approach taken in support of this application has been 

carefully described and detailed. The analysis was based on precedents and protocols 

established by the EPA in previous waiver applications, modifications that were 

made because of the availability of data and more powerful statistical tests, and 

insights gained from conducting a mileage accumulation program of this magnitude. 

In addition, meetings were held with the EPA on several occasions; at these meet

ings, reviews of the statistical analysis work were presented. 

As was discussed in Section 3, the methods that have been applied by the EPA to 

demonstrate that an additive does not have a long-term deteriorative effect on emis

sion control systems are broadly defined in three types of tests. The first type of 

test, the initial emissions test, was developed by the EPA because of concerns that 

different initial emission levels for vehicles operated on different fuels could mask a 

fuel effect. The second type of test allows a waiver applicant to show that the fuel 

or fuel additive does not have a statistically adverse emissions effect. The third 

type of test established by the EPA addresses the effect of the additive on emission 

control systems from a different perspective. If a significant adverse effect exists, 

then the EPA applies a final test to address the impact of this change in emissions on 

compliance with applicable emission standards. This test evaluates whether the 

adverse emissions effect "causes or contributes" to a failure to meet emission 

standards. 

In the program discussed in this appendix, over 100 different statistical tests were 

run to evaluate the effects of HiTEC 3000 on HC, CO, and NOx emissions. The 

results of the prescribed EPA tests convincingly demonstrate that the use of HiTEC 

3000 in unleaded gasoline will not cause or contribute to the failure of emission con

trol systems to meet emission standards for which they were designed. Additional 

statistical tests support this conclusion. 

The results of this extensive analysis of 75,000 miles of accumulated mileage on 24 

cars fueled with Howell EEE and 24 cars fueled with Howell EEE with HiTEC 3000 

added are as follows: 

• There is no significant adverse effect of HiTEC 3000 on deterioration 

rates before or after 50,000 miles for HC, CO, or NOx. 
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There is no significant adverse effect of HiTEC 3000 on deterioration fac

tors for HC, CO, or NOv. 'x* 

There is no significant adverse effect of HiTEC 3000 on the estimated 

mileage at which the standard is first exceeded for HC, CO, or NOx. 

There is no significant adverse effect of HiTEC 3000 on the estimated 

maximum percentage of vehicles failing the standard over 50,000 miles or 

over 75,000 miles for HC, CO, or NOx. 

There is no significant adverse effect of HiTEC 3000 on the increase in 

emissions from initial mileage (1,000 miles) to 50,000 miles for HC, CO, or 

NOx. 

There is no significant adverse effect of HiTEC 3000 on the increase in 

emissions from initial mileage (1,000 miles) to 75,000 miles for CO or 

NOx; there is a small but statistically significant effect for HiTEC 3000-

fueled vehicles for HC. However, this adverse effect is attributed to 

changes in emission system components at 50,000 miles and not HiTEC 

3000. 

The change in emissions from initial mileage (1,000 miles) to 5,000 miles is 

not significantly greater for HiTEC 3000-fueled vehicles for CO or NOx; 

there is a small but statistically significant effect for HiTEC 3000-fueled 

vehicles for HC. 

The integrated emissions above initial levels from initial mileage (1,000 

miles) to 50,000 miles is not significantly higher for HiTEC 3000-fueled 

vehicles for CO or NOx; there is a small but statistically significant 

increase for HiTEC 3000-fueled vehicles for HC. However, the integrated 

emissions above 5,000-mile levels from 5,000 to 50,000 miles is not signifi

cantly higher for HiTEC 3000-fueled vehicles for HC. 
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The integrated emissions above initial levels from initial mileage (1,000 

miles) to 75,000 is not significantly higher for HiTEC 3000-fueled vehicles 

for CO or NOx; there is a small but statistically significant increase for 

HiTEC 3000-fueled vehicles for HC. However, the integrated emissions 

above 5,000 mile levels from 5,000 to 75,000 miles is not significantly 

higher for HiTEC 3000-fueled vehicles for HC. 

No adverse effects were detected in HiTEC 3000-fueled vehicles for either 

CO or NOx in any of the statistical tests applied. In fact, CO and NOx 

emissions are substantially lower in vehicles fueled with HiTEC 3000. The 

statistical results reported in this study imply that the use of HiTEC 3000 

would result in statistically significant reductions in NOx and CO emis

sions. 

The single adverse effect for HC, a small increase in emissions from 1,000 

to 5,000 miles, does not cause or contribute to the failure of emission con

trol systems to meet the standards for which they were designed. 

The above summary shows that HiTEC 3000 passes all adverse-effects tests for all 

regulated pollutants, except that a small but statistically significant increase in HC 

in the first 4,000 miles accumulated in vehicles fueled with HiTEC 3000 is shown. 

The modified integrated emissions test with 5,000 miles as the base, which is passed 

for HC, clearly shows that the only adverse effect caused by the use of HiTEC 3000 

in unleaded gasoline occurs in the initial period of mileage accumulation. Despite 

this small short-term HC effect, the use of this product will have no significant con

tributory impact on the ability of an emission control system to meet applicable 

standards. This is a very important result and one that must be taken into considera

tion in the final determination of this product's effect. 

Furthermore, the use of a quadratic regression model in analyzing both the 50,000 

mile and 75,000 mile data must also be considered, in particular because of its ability 

to more accurately fit the emissions data generated beyond 50,000 miles. In all tests 

that use a regression model to compare the emissions of HiTEC 3000 vehicles with 

clear-fuel vehicles, HiTEC 3000 demonstrates no adverse or cause-or-contribute 
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effect on emissions. More specifically, the use of HiTEC 3000 results in a lower 

deterioration factor and an equal or lower deterioration rate for all regulated pollu

tants over both 50,000 and 75,000 mile ranges. In addition, the results obtained 

through the quadratic regression model for the 50,000 mile data show that, although 

the deterioration rates for all three pollutants are similar at 25,000 miles, they are 

substantially lower at 50,000 miles for HiTEC 3000. For the 75,000 mile data, the 

quadratic regression model shows similar deterioration rates at 50,000 and 75,000 

miles for HC for both fuel types and substantially lower deterioration rates for CO 

and NOx at the same mileages for the HiTEC 3000 fuel vehicles as compared to the 

clear fuel vehicles. This implies that, despite any short-term adverse effect caused 

by the product, the use of HiTEC 3000 does not cause or contribute to the failure of 

emission control devices to meet applicable emission standards, and is associated 

with a long-term beneficial effect for NOx and CO. 

CONCLUSIONS 

HiTEC 3000 in unleaded gasoline has no statistically significant adverse effect on 

emissions of CO or NOx; long-term benefits in controlling tailpipe emissions of CO 

and NOx can clearly be gained from the use of this product. This analysis shows that 

HiTEC 3000 has a small adverse effect on HC emissions between 1,000 and 5,000 

miles. However, no additional adverse effect on HC emissions is demonstrated 

throughout 75,000 accumulated miles, and this small HC effect does not cause or 

contribute to the failure of vehicles to meet applicable emissions standards. Finally, 

the results generated in this large-scale, well-designed, and closely controlled pro

gram on vehicles representing 53 percent of U.S. sales show that the general use of 

HiTEC 3000 will not cause or contribute to the failure of any emission control sys

tem to meet applicable emission standards. 
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Executive Summary 

With the enactment of the 1977 Amendments to the Clean Air Act, Congress created 

a new program for regulating fuels and fuel additives intended for use in light duty 

gas vehicles. This program, embodied in Section 211 (fX4) of the Act, requires manu

facturers of new fuels and fuel additives to demonstrate that their products will not 

cause or contribute to the failure of emission control systems to meet applicable 

emission standards. Toward that end, Ethyl Corporation ("Ethyl") has conducted the 

most extensive and rigorous evaluation of a fuel additive ever undertaken by an 

individual company to demonstrate that the use of HiTEC® 3000 Performance Addi

tive ("HiTEC 3000" is also known by the chemical name methylcyclopentadienyl 

manganese tricarbonyl or MMT) meets the requirements established in the Clean Air 

Act for its use in unleaded gasoline. 

The test program developed by Ethyl was conducted in close consultation with the 

EPA and the major U.S. automobile manufacturers. This program involved the test

ing of 48 vehicles representing 53 percent of actual 1988 U.S. sales, each operated 

for 75,000 miles, under procedures described in the Code of Federal Regulations, 

Section 86. The resultant data (approximately 1700 emissions tests) allowed for a 

comprehensive study of all possible adverse effects on emission control systems that 

could arise from the general use of HiTEC 3000. 

Systems Applications, Inc. (SAI) was retained by Ethyl Petroleum Additives, Inc. to 

provide statistical analysis of the emissions data generated in the test program. The 

statistical tests applied by SAI were based on precedents and protocols established by 

the EPA in previous waiver applications. In addition, the availability of a larger data 

base from a well-designed emissions testing program with accumulated mileage over 

a wider range than ever previously evaluated by the EPA in a waiver application 

allowed for modifications and extensions to the statistical tests developed by the 
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EPA. These additional, more powerful tests are important because of their ability to 

distinguish statistically significant effects from the use of HiTEC 3000 in unleaded 

gasoline. 

The statistical analyses reported here may be broadly defined in three types of 

tests. The first type of test, the initial emissions test, was developed by the EPA 

because of concerns that "different initial emission levels of vehicles operated on 

different fuels could mask a fuel effect." This test only indicates if the initial emis

sion levels differ between the vehicles assigned to the clear-fuel and those assigned 

to the HiTEC 3000 fuel. In this waiver application, the "initial" emissions are at 

1,000 miles, since the fuel additive was first introduced at that point; prior to 1,000 

miles, all vehicles had accumulated mileage on clear fuel alone. 

The second type of test used by the EPA for evaluating waiver applications allows an 

applicant to show that the fuel or fuel additive does not have a statistically signifi

cant adverse emissions effect. In an earlier HiTEC 3000 waiver application, the EPA 

staff applied seven statistical tests to determine the adverse effects on emissions. 

Four of these tests developed by the EPA and modified by SAI are based on fitting a 

regression model to the data, while the remaining three tests are based on an analy

sis of the raw data. 

The third type of test established by the EPA addresses the effects of the additive on 

emission control systems from a different perspective. If after conducting the seven 

adverse-effects tests a fuel additive demonstrates a statistically significant adverse 

emissions effect, the EPA has applied a final test to evaluate the impact of this 

effect on compliance with applicable emission standards. This pivotal test evaluates 

whether the adverse emissions effect "causes or contributes" to a failure of a vehicle 

to meet the emission standards for which it was certified. 

A review of the plotted 75,000 mile data for nitrogen oxide (NOx), carbon monoxide 

(CO), and hydrocarbon (HC) emissions is helpful in gaining an overview of the effects 

of HiTEC 3000 in unleaded gasoline. The emission rates in these plots were calcula

ted by taking the average emissions for each fuel for each vehicle group and weight

ing them based on 1988 sales figures. 
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In viewing the results of the mileage accumulation program in this straightforward 

visual manner, a number of important observations can be made. The most striking 

and pronounced observation is the effect of HiTEC 3000 on NOx emissions. Very 

shortly after the initial addition of the additive, NOx emissions decrease and con

tinue to decrease for the remainder of the test program. Furthermore, this bene

ficial effect is almost universal throughout the waiver fleet. As emission control 

strategies take into greater account the effects of NOx on air quality, the improve

ment demonstrated by HiTEC 3000 must be considered. In the case of CO, those 

vehicles fueled with HiTEC 3000 show an improvement in CO emissions as compared 

to the clear-fueled vehicles beginning at 40,000 miles. This improvement also con

tinues for the remainder of the mileage accumulation program. For hydrocarbons, 

the weighted average data clearly show that both the clear-fueled and HiTEC 3000-

fueled vehicle groups meet current 50,000 mile emission standards and are still below 

the standard at 75,000 miles. 

In the program discussed in this appendix, over 100 different statistical tests were 

run to evaluate the effects of HiTEC 3000 on HC, CO, and NOx emissions. The 

results of the prescribed EPA tests convincingly demonstrate that the use of HiTEC 

3000 in unleaded gasoline will not cause or contribute to the failure of emission con

trol systems to meet emission standards for which they were designed. Additional 

statistical tests support this conclusion. 

The results of this extensive analysis of 75,000 miles of accumulated mileage on 24 

cars fueled with Howell EEE and 24 cars fueled with Howell EEE with HiTEC 3000 

added are as follows: 

There is no significant adverse effect of HiTEC 3000 on deterioration 

rates before or after 50,000 miles for HC, CO, or NOx. 

• There is no significant adverse effect of HiTEC 3000 on deterioration fac
tors for HC, CO, or NOx. 

• There is no significant adverse effect of HiTEC 3000 on the estimated 

mileage at which the standard is first exceeded for HC, CO, or NOx. 

9 0 0 2 S r l 1 

iv 



There is no significant adverse effect of HiTEC 3000 on the estimated 

maximum percentage of vehicles failing the standard over 50,000 miles or 

over 75,000 miles for HC, CO, or NOx. 

There is no significant adverse effect of HiTEC 3000 on the increase in 

emissions from initial mileage (1,000 miles) to 50,000 miles for HC, CO, or 

NOx. 

There is no significant adverse effect of HiTEC 3000 on the increase in 

emissions from initial mileage (1,000 miles) to 75,000 miles for CO or 

NOx; there is a small but statistically significant effect for HiTEC 3000-

fueled vehicles for HC. However this adverse effect is attributed to 

changes in emission system components at 50,000 miles and not HiTEC 

3000. 

The change in emissions from initial mileage (1,000 miles) to 5,000 miles is 

not significantly greater for HiTEC 3000-fueled vehicles for CO or NOx; 

there is a small but statistically significant effect for HiTEC 3000-fueled 

vehicles for HC. 

The integrated emissions above initial levels from initial mileage (1,000 

miles) to 50,000 miles is not significantly higher for HiTEC 3000-fueled 

vehicles for CO or NOx; there is a small but statistically significant 

increase for HiTEC 3000-fueled vehicles for HC. However, the integrated 

emissions above 5,000-mile levels from 5,000 to 50,000 miles is not signifi

cantly higher for HiTEC 3000-fueled vehicles for HC. 

The integrated emissions above initial levels from initial mileage (1,000 

miles) to 75,000 is not significantly higher for HiTEC 3000-fueled vehicles 

for CO or NOx; there is a small but statistically significant increase for 

HiTEC 3000-fueled vehicles for HC. However, the integrated emissions 

above 5,000 mile levels from 5,000 to 75,000 miles is not significantly 

higher for HiTEC 3000-fueled vehicles for HC. 
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No adverse effects were detected in HiTEC 3000-fueled vehicles for either 

CO or NOx in any of the statistical tests applied. In fact, CO and NOx 

emissions are substantially lower in vehicles fueled with HiTEC 3000. The 

statistical results reported in this study imply that the use of HiTEC 3000 

would result in statistically significant reductions in NOx and CO emis

sions. 

The single adverse effect for HC, a small increase in emissions from 1,000 

to 5,000 miles, does not cause or contribute to the failure of emission con

trol systems to meet the standards for which they were designed. 

The above summary shows that HiTEC 3000 passes all adverse-effects tests for all 

regulated pollutants, except that a small but statistically significant increase in HC 

in the first 4,000 miles accumulated in vehicles fueled with HiTEC 3000 is shown. 

The modified integrated emissions test with 5,000 miles as the base, which is passed 

for HC, clearly shows that the only adverse effect caused by the use of HiTEC 3000 

in unleaded gasoline occurred within the first 4000 miles of operation. Despite this 

small HC effect, the use of this product will have no significant contributory impact 

on the ability of emission control systems to meet applicable standards. This is a 

very important result and one that must be taken into consideration in the final 

determination of this product's effect. 

In short, HiTEC 3000 in unleaded gasoline has no statistically significant adverse 

effect on emissions of CO or NOx. Long-term benefits in controlling tailpipe emis

sions of CO and NOx can clearly be gained from the use of this product. While this 

analysis shows that HiTEC 3000 has a very small adverse effect on HC emissions 

between 1,000 and 5,000 miles, no additional adverse effect on HC emissions is 

demonstrated throughout 75,000 accumulated miles. Finally, the results generated in 

this large-scale, well-designed, and closely controlled program on vehicles represent

ing 53 percent of U.S. sales show that the general use of HiTEC 3000 will not cause 

or contribute to the failure of emission control systems to meet applicable emission 

standards. 
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1 INTRODUCTION 

In 1977 Congress enacted amendments to the Clean Air Act establishing a new pro

gram for the registration and testing of fuels and fuel additives to ensure that the 

use of such products will not cause or contribute to the failure of automobile emis

sion control systems. In particular, section 211(f)(4) of the Act requires that the 

manufacturer demonstrate to the EPA that the "general use" of such products "will 

not cause or contribute to a failure of any emission control device or system," during 

its useful life, to meet the emission standards for which the vehicle has been certi

fied under the Clean Air Act. Toward that end, Ethyl Corporation ("Ethyl") has 

conducted a comprehensive test program to demonstrate that the use of HiTEC® 

3000 Performance Additive (also known by the chemical name methylcyclopenta

dienyl manganese tricarbonyl or MMT) meets the requirements established in the 

Clean Air Act for its use in unleaded gasoline at a concentration of 0.03125 grams 

Mn per gallon as HiTEC 3000. 

The type of test program that a manufacturer is required to conduct to support the 

waiver application depends on the effect that an additive is expected to have on 

emission control systems. In 45 Fed. Reg. 58954 (September 5, 1980), the EPA indi

cated that "the tests which are appropriate to characterize the emission effects of 

an additive depend on whether the additive is expected to have an instantaneous 

effect or a long-term deteriorative effect on emissions, or both." Since the enact

ment of the 1977 amendments to the Clean Air Act, 19 waiver applications 

The federal emission standards used in this analysis are 0.41 g/mile of hydrocarbon, 
3.4 g/mile of carbon monoxide, and 1.0 g/mile of nitrogen oxides. 
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2 
have been submitted to the EPA for approval. Included in these prior applications 

are two waiver requests for HiTEC 3000, one of which was submitted in 1978 and 

another in 1981. In both of these applications the EPA concluded that Ethyl had not 

met the burden of proof established under Section 211(fX4); that is, that Ethyl had 

not shown that the use of HiTEC 3000 would not cause or contribute to the failure of 

any emission control device or system to meet applicable emission standards. In both 

cases, however, the EPA invited Ethyl to resubmit a new waiver application when

ever additional information supported such an effort. 

Of the 19 waiver applications submitted to the EPA under Section 211(f)(4), only 

HiTEC 3000 (or MMT) has been supported by emissions data accumulated over 50,000 

miles. The data generated by Ethyl in support of this more recent waiver applica

tion is the most extensive and rigorous evaluation of a fuel additive ever undertaken 

by an individual company. It involves the testing of 48 vehicles, each operated for 

75,000 miles, under procedures described in Section 86 of the Code of Federal Regu

lations. For comparison, the approved Texaco waiver application (43 Fed. Reg. 

58954) relied upon data from only 15 vehicles. 

In early 1989 Systems Applications, Inc. (SAI) was retained by Ethyl Petroleum Addi

tives, Inc. (EPAI) to provide statistical analyses of the emissions data from the 

2 53 Fed. Reg. 33846 (September 1, 1988); 53 Fed. Reg. 3636 (February 8, 1988); 
53 Fed. Reg. 2088 (January 26, 1988); 51 Fed. Reg. 28757 (August 11, 1986); 50 
Fed. Reg. 2615 (January 17, 1985); 48 Fed. Reg. 52634 (November 21, 1983); 
48 Fed. Reg. 8124 (February 25, 1983); 47 Fed. Reg. 22404 (May 24, 1982); 46 
Fed. Reg. 58630 (December 1, 1981); 46 Fed. Reg. 56361 (November 16, 1981); 
45 Fed. Reg. 58954 (September 5, 1980); 45 Fed. Reg. 53861 (August 13, 1980); 
45 Fed. Reg. 26122 (April 17, 1980); 44 Fed. Reg. 37074 (June 25, 1979); 44 
Fed. Reg. 12242 (March 6, 1979); 44 Fed. Reg. 20777 (April 6, 1979); 44 Fed. 
Reg. 10530 (February 21, 1979); 44 Fed. Reg. 1447 (January 5, 1979); 43 Fed. 
Reg. 41424 (September 18, 1978). 

3 . Characterization Report: Analysis of MMT Fleet Data to Characterize the 
Impact of MMT on Tailpipe Emissions", EPA Mobile Source Enforcement Division, 
1978. 
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test program. SAI was also retained to estimate the effects pf HiTEC 3000 use on 

ambient air quality through the use of SAI's Urban Airshed Model. SAI applied statis

tical tests developed by the EPA to the data from the test program to determine the 

effects of HiTEC 3000 on emission control systems. In addition, because of the large 

body of emissions data from the test program, other statistical methods, more 

advanced than those used in other waiver applications, were used to examine in 

greater detail the probability that HiTEC 3000 does not cause or contribute to the 

failure of emission control systems or devices to achieve compliance with applicable 

automotive emission standards. Finally, the results of SAI's linear regression analysis 

were incorporated into MOBILE4, the EPA's computer model for generating motor 

vehicle emissions factors for use in its air quality studies. A complete description of 

results of applying the Urban Airshed Model and the emission inputs for the model 

are included in Appendix 5. 

The next section of this appendix describes the testing program and the data sets 

analyzed. The third section discusses the statistical methods applied to the data. 

This discussion includes a review of the nine statistical tests applied by the EPA in 

the 1978 waiver application for HiTEC 3000 and the modifications and extensions of 

these tests developed by SAI (complete technical details of the statistical methods 

are provided in Attachment C). In the fourth section, the results obtained from the 

analysis of composite emissions are detailed. The results for each statistical test are 

shown and interpreted. The fifth and final section summarizes the results of the sta

tistical analyses. All raw data and plots of the testing data as well as complete 

results of the 50,000 and 75,000 mile statistical analyses are included in attachments 

to this appendix. Additional attachments describe specific technical aspects of the 

statistical analyses. 
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2 TESTING PROGRAM DATA BASE 

DESCRIPTION OF ETHYL'S TEST PROGRAM 

In developing the programs required to. determine if the use of HiTEC 3000 causes or 

contributes to the failure of emission control systems or devices, Ethyl designed the 

test protocols in close consultation with the EPA and the major automotive 

manufacturers. Because of concerns raised by the EPA in regards to the representa

tiveness of the test fleet developed by Ethyl to support its 1978 waiver application 

for HiTEC 3000, special care was taken in selecting the 1988 vehicle models for the 

mileage accumulation phase of the test program supporting this waiver application. 

The eight models selected for testing were chosen based on estimated 1988 U.S. sales 

figures. These selected models represent the most popular engine configurations for 

that year and included all major U.S. automobile manufacturers. (A more complete 

description of the vehicle selection process is available in Appendix 1.) The model 

groups and the percent of U.S. sales each group represents are listed in the table 

below. The model group codes shown in the table appear in the tabulated results of 

the statistical analysis. The normalized weighted percent of sales for each model 

group was used for the statistical analysis. It should be noted that while projected 

1988 sales figures were used to select representative model groups, actual 1988 sales 

figures were available and were used for the statistical analysis of the test data. 
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Model Group 
(by code)3 

Engine 
Configuration 

Percent of 
Actual 1988 
U.S. Sales 

5.7 

1.9 

5.5 

7.2 

4.2 

12.9 

Normalized 
Weighted 
Percent 

10.6 

3.6 
10.4 

13.4 

7.9 

24.3 

C 

D 

E 

F 

G 

H 

I 

T 

2.0L, 

3.0L, 

1.9L, 

5.0L, 

2.5L, 

2.8L, 

3.8L, 

3.0L, 

L-4 

V-6 

L-4 

V-8 

L-4 

V-6 

V-6 

V-6 

EFI 

MFI 

EFI 

SFI 

EFI 

MFI 

SFI 

MFI 

5.7 

1.9 

5.5 

7.2 

4.2 

12.9 

9.3 

6.6 

53.3 

10.6 

3.6 
10.4 

13.4 

7.9 

24.3 

17.4 

12.4 

100.0 

a These codes appear in the tabulated r e su l t s of the 
s t a t i s t i c a l analyses . 

b EFI = Electronic fuel in jec t ion , MFI = Multi-port fuel 
inject ion, SFI = Sequential fuel in jec t ion . 

To demonstrate that the use of HiTEC 3000 in unleaded gasoline has no long-term 

deteriorative effect on any emission control system or device, 24 vehicles of Ethyl's 

test fleet (three vehicles in eight model groups) were to accumulate 75,000 miles 

using Howell EEE certification gasoline; the remaining 24 vehicles were to accumu

late the same mileage with Howell EEE plus 0.03125 grams Mn/gallon as HiTEC 

3000. All mileage was to be accumulated using an EPA-approved mileage accumula

tion procedure for testing emission system durability. Emission tests for hydrocar

bons (HC), carbon monoxide (CO), and oxides of nitrogen (NOx) were to be conducted 

at 0 miles (receipt of vehicles at test laboratory), 1,000 miles, 5,000 miles, and at 

each 5,000 mile interval thereafter. Based on discussions with the EPA during the 

initial phases of the program, the Federal Test Procedure (FTP) for exhaust emis

sions testing, as described in 40 CFR Part 86, was the test method used at each test 

point. (See Appendix 1 for details on the testing protocol and fuel specifications.) 
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Because of the size of Ethyl's test fleet (48 vehicles), two vehicle test sites were 

used. The two test laboratories chosen were ECS Laboratory, Inc. in Livonia* Michi

gan, and Automotive Testing Laboratories, Inc. (ATL) in South Bend, Indiana. The 

mileage accumulation procedure at ECS Laboratories employed a 60 mile loop on 

public roads. At ECS, emissions testing for most of. the intervals before 50,000 miles 

was conducted by a single tester, who became ill during the program and was 

replaced by several testers for the balance of the required tests. At ATL, mileage 

was accumulated at the Bendix Automotive Proving Ground track; emissions testing 

was assigned on a more or less random basis to over 25 testers throughout the mile

age accumulation phase. 

All vehicles were obtained from dealerships in the Detroit area and shipped to ECS 

Laboratories for initial screening and preparation. By protocol, for the first 1,000 

miles of accumulation, all 48 vehicles were fueled with Howell EEE certification 

gasoline for engine break-in. At 1,000 miles duplicate tailpipe emissions tests were 

conducted on each vehicle and ranked, in descending order, according to average 

hydrocarbon emissions per vehicle. Once this ranking was completed, the highest 

emitting vehicle in each model group was assigned one of the fuel types by random 

coin toss. The second-highest ranked vehicle was assigned the other fuel type. The 

vehicle ranked third in hydrocarbon emissions was assigned the fuel corresponding to 

vehicle 2, while the fourth vehicle was assigned the fuel corresponding to vehicle 1. 

Vehicles ranked 5 and 6 were given the fuel assignments of vehicles 1 and 2, respec

tively. 

Upon completion of the ranking and fuel assignment process, the 24 vehicles in model 

groups C, G, H, and I were transported to ATL Laboratories for all further mileage 

accumulation. The remaining 24 vehicles in model groups D, E, F, and T remained at 

ECS Laboratories. 

For this program a "tester" is defined as that individual who drives a test vehicle 
during the FTP emissions test. A "driver" is that individual who drives a vehicle 
for mileage accumulation. 
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General Procedures Followed During Mileage 
Accumulation and Emissions Testing 

At each test interval three bag samples were collected: one for cold start, one for 

running (hot stabilized) emissions, and one at hot start. The samples were analyzed 

and a composite emissions profile (in grams per mile) was calculated as a weighted 

average of the three samples using standard FTP weighting factors per bag. The col

lection and analysis of the three bag samples under the prescribed conditions was 

repeated at least once. If the composite emissions profile varied widely for any of 

the three pollutants (HC, CO, NOx), an additional test was run. Test engineers 

determined subjectively what constituted a "wide difference". A hydrocarbon differ

ence of 0.05 g/mi was usually sufficient reason for an additional test. 

In a few instances a mechanical or procedural problem occurred during the running of 

an emissions test. In these instances the test was considered invalid and the observa

tion in the raw data set (Lotus 123 spreadsheets) was marked. This identified the 

test as a "justifiable drop" from an engineering standpoint. A complete explanation 

and summary of these invalid tests is contained in Appendix 1. 

Procedures for vehicle maintenance were also established during the mileage accum

ulation and emissions testing phase. Because of the importance proper maintenance 

plays in emissions control, all 48 vehicles in the test fleet were carefully main

tained. During the mileage accumulation testing, both scheduled and unscheduled 

maintenance was performed as required. Scheduled maintenance activities were 

defined as the maintenance recommended by the automobile manufacturer at speci

fied mileage accumulation points. Unscheduled maintenance was performed only as 

necessary to maintain proper vehicle operations, following CFR procedures for 

certification. A complete listing of scheduled and unscheduled maintenance activi

ties is provided in Appendix 1. 

Although the fleet vehicles were originally scheduled to accumulate only 50,000 

miles of emissions data, the total mileage was increased to 75,000 because of poten

tial changes to the Clean Air Act resulting from proposed amendments currently 

under debate in Congress. At 50,000 miles the emission control systems for all 
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vehicles in the fleet were carefully inspected, and emission system components were 

replaced in most vehicles. These inspections and component changes were done to 

determine what, if any, effect on tailpipe emissions was the result of component 

malfunctions after 50,000 accumulated miles. By design, an attempt was made to be 

as consistent as possible in the treatment of each vehicle within a model group. If a 

component of one vehicle was changed, the same component in all other vehicles 

within that model group was also changed. The component changes made at 50,000 

miles are listed in Table 2-1. As noted, no component changes were made at this 

mileage point for model groups C and G. 

Two additional points in regards to the waiver fleet activities should be discussed. 

First, as part of Ethyl's program to examine whether the use of HiTEC 3000 

adversely affects ambient air quality, two vehicles from model group F were 

removed from the fleet after accumulating just over 65,000 miles and shipped to 

Southwest Research Institute for analysis of the hydrocarbon composition of the col

lected emissions (described in Appendix 4). Thus the final emission measurements of 

these two vehicles in the data sets are at 65,000 miles. Second, vehicle D3 from 

model group D was involved in a traffic accident at 7,485 miles and destroyed. 

Because the accident occurred early in the test program, another vehicle (with 

15,554 accumulated miles) was obtained and designated D3A. The emissions control 

system of D3 was removed and placed on D3A and this new vehicle was substituted 

into the mileage accumulation program; thus the mileage recorded in the data file is 

for the emissions control system of D3 and the engine of D3A. Because of the poten

tial confusion created by the use of the emission control system of D3 on this new 

vehicle, as well as questions that could arise concerning the integrity of this arrange

ment, all emission tests from D3A are excluded from the main data set used in the 

statistical analysis. 
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TABLE 2-1. Component changes at 50,000 miles.* 

Model Component Changes 

C None 

D Fuel injectors 
Fuel pump 
Air sensor 

E Fuel injectors 
Map sensor 

F Fuel injectors 
Temporary slave canister (vehicle F3 only) 

G None 

H Transmission service, fuel injectors 
Ignition service (vehicle H1 only) 

I Fuel injectors 

T Fuel injectors 

* Unless otherwise noted, component changes were made to all 
six vehicles in each model group. 
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DATA SET GENERATION 

Special attention was given to the creation of the data sets for analysis. This step is 

important because it defines the information used in the statistical tests and its pre

sentation in the waiver. 

In 43 Federal Register 11258 (March 17, 1978) the EPA published a series of guide

lines that apply to waiver applications for fuel additives under Section 211(f) of the 

Clean Air Act. In these guidelines the EPA states that "it is essential that test data 

provide a reliable basis for comparison with the conditions under which vehicles are 

certified pursuant to Section 206 of the Clean Air Act." Throughout this waiver 

program it has been generally assumed by Ethyl that the regulations that apply to the 

certification of new automobile models under the Clean Air Act would also apply to 

test programs for fuel waivers. For that reason, decisions on what data to include in 

the working data sets for analysis for this waiver application were based on the sec

tions of the Code of Federal Regulations that pertain to certification and test proce

dures for exhaust emissions (40 CFR Part 86 as of January 31, 1990). 

Because of the importance placed on those specific sections of the Code of Federal 

Regulations, we shall discuss several of the specific paragraphs that are relevant to 

this waiver application. 

86.088-28(aX4XA) "The applicable results to be used unless excluded by para
graph (aX4XiXAX4) of this section in determining the exhaust emission deteri
oration factors for each engine-system combination shall be: 

1. All valid exhaust emission data from the tests required under 86.084-
26(aX4) except the zero-mile tests. 

2. All exhaust emission data from the tests conducted before and after the 
scheduled maintenance provided in 86.088-25. 

3. All exhaust emission data from tests required by maintenance approved 
under 86.088-25, in those cases where the Administrator conditioned his 
approval for the performance of such maintenance on the inclusion of such 
data in the deterioration factor calculation. 
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4. The manufacturer has the option of applying an outlier test procedure to 
completed durability data.... The outlier procedure will be specified by the 
Administrator. For any pollutant, durability-data test points that are 
identified as outliers shall not be included in the determination of deteri
oration factors if the manufacturer has elected this option." 

Comments: These paragraphs imply that all emissions test results except those 

associated with the zero-mile point and those conducted before unscheduled main

tenance be used in the statistical analysis. This would include all results obtained 

before and after scheduled maintenance and after unscheduled maintenance. 

Examination of the data in the initial stages of analysis revealed no outliers, and so 

no tests were deleted as a result of an outlier test procedure. 

86.084-26(aX6XiXA) "The manufacturer may conduct multiple tests at any test 
point at which the data are intended to be used in the deterioration factor. At 
each test point where multiple tests are conducted, the test results from all 
valid tests shall be averaged to determine the data point to be used in the 
deterioration factor calculation except under paragraph (aX6Xi)(B) of this sec
tion. The test results from emission tests performed before maintenance 
affecting emissions shall not be averaged with test results after the mainten
ance". 

86.084-26(aX6XiXB) The manufacturer is not required to average multiple 
tests if the manufacturer conducts no more than three tests at each test point 
and if the number of tests at each test point is equal. All test points must be 
treated the same for all exhaust pollutants". 

86.088-28(aX4XiXB) "All applicable exhaust emission results shall be plotted as 
a function of the mileage on the system, rounded to the nearest mile, and the 
best fit straight lines, fitted by the method of least squares, shall be drawn 
through all these data points". 

Comments: The implication of the first two paragraphs is that the means for each 

car at each testing interval should be weighed equally. This assumes that the mean 

emissions for each individual vehicle is the same as that for ail vehicles in the same 

model group on the same fuel. Therefore careful consideration must be given to 

those instances where there are a different number of tests per car per testing inter

val. When the design is balanced (i.e., the same number of tests for each vehicle at 

each testing interval), the same regression line will be predicted whether one uses all 

the data or just the averages (although confidence intervals will be 
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different). However, in a design that is unbalanced the predicted regression line 

using all data will differ from that predicted from one using average data. 

DESCRIPTION OF DATA SETS 

The data sets used in the statistical analyses to examine whether HiTEC 3000 causes 

or contributes to the failure of emission control systems were generated from raw 

data supplied to SAI (as Lotus 123 spreadsheets) by the mileage accumulation test 

laboratories. The data sets were constructed sequentially, each data set being a sub

set of the previous data set. The data sets created and the emissions tests excluded 

at each step are as follows: 

ETHYLOS Data set as received from the mileage accumulation test laboratory. 

No records are excluded, except one test for the replacement vehicle 

designated D3A: the single test of D3A at 15,554 miles (initial mileage 

upon receipt). All tests of the replacement car with the old car's emis

sions control system (labeled as D3A) are included. 

ETHYLIS All zero-mile tests are excluded, as per 40 CFR 86.088-28(a)(4Xi)(A)(l). 

ETHYL2S All tests that are invalid from an engineering point of view and there

fore considered to be "justifiable drops" are excluded. These include 

the 1,000 mile tests conducted at Automotive Testing Laboratories 

whose exclusion is justifiable on both statistical and engineering 

grounds (See Appendix 1 and Attachment F). Also dropped in this data 

set are all measurements from vehicle D3A. 

ETHYL3S Tests preceding unscheduled maintenance tests are excluded per 

40 CFR 86.088-28. 

ETHYL4S Extra tests beyond the standard two tests are excluded. If these tests 

were included, the variance calculations for the statistical tests would 

be biased. These are the tests that were performed because the results 

from the first two tests were considered to be too discrepant. In the 
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majority of instances the mileage intervals have only two tests per 

vehicle. In data set ETHYL3S, for example, only about 25 percent of 

the testing intervals have extra tests. There are three types of excep

tions to this use of only two tests at each mileage interval. First, at 

scheduled maintenance (35,000 miles and 60,000 miles for model group 

D; 30,000 miles and 60,000 miles for all other model groups), emissions 

were tested before and after maintenance; thus for these intervals 

there are typically four tests (two before and two after maintenance). 

Second, tests performed after unscheduled maintenance are considered 

separately from tests at the required mileage intervals. For example, 

vehicle Hi has four tests at the 40,000 mile interval — two for the 

unscheduled maintenance at 37,826 miles and two for the regular 

40,000 mile tests. Third, tests were performed before and after 50,000 

mile component changes. At this mileage point there are typically four 

tests (two before and two after component changes). 

On October 12, 1989 a meeting was held in Washington, D.C. with representatives 

from the EPA's Office of Mobile Sources to review the statistical analysis work that 

had been completed to date. At that meeting a presentation was made and discus

sion held on the relevant sections of the Code of Federal Regulations, the data sets 

generated, and the justification for dropping data points based on the interpretation 

of the CFR. Following this review, the EPA indicated that the approach taken 

seemed "reasonable". 

ADDITIONAL DATA SETS FOR 75,000 MILE ACCUMULATION 

As mentioned above, the original design of the HiTEC 3000 testing program called 

for only 50,000 accumulated miles and emissions testing in accordance with current 

requirements under Section 211(f) of the Clean Air Act. The scope of the testing 

program was increased to include 75,000 miles of vehicle operation in light of the on

going debate concerning reauthorization of the Act. 

Because of the change in mileage accumulation, certain aspects of the testing pro
gram that had been completed needed to be reviewed to insure that the data past 
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50,000 miles would be internally consistent with data up to and including 50,000 

miles. The aspect that most obviously demanded evaluation was the component 

changes that had occurred at 50,000 miles. As discussed earlier, these changes were 

made to determine what effects on tailpipe emissions were the result of the 

deterioration of components up to 50,000 miles. An analysis of the data following 

the 50,000 mile component changes indicated that, in general, statistically signifi

cant increases in emissions from vehicles occur about as frequently as statistically 

significant decreases in emissions; however some changes were substantially larger 

than others (see Attachment G). For example, in model group D a very large and 

statistically significant decrease in CO emissions occurred with both fuel types. 

Further, the vehicles in this model group fueled with HiTEC 3000 also exhibited a 

statistically significant decrease in HC emissions after component changes. In 

addition, in model groups G and H, increases in HC and CO emissions from vehicles 

using HiTEC 3000 were found to be statistically significant, while increased 

emissions from vehicles using the clear fuel (Howell EEE) were nonsignificant. These 

changes can be seen in the data plots in Attachment B. 

The change in mileage accumulation scope also required reevaluation of tester bias. 

As discussed previously, most of the pre-50,000 mile tests at ECS were performed by 

one individual. Tests after 50,000 miles were conducted by other ECS testers while 

the original tester was on sick leave. This change raised the question of whether 

emission test results were affected in any way by the use of several testers. If a 

tester bias did exist, it would be more difficult to estimate how much of the variance 

between results was associated with the fuel type as opposed to the tester. Again, 

an analysis was conducted to determine if tester choice had statistically significant 

effects on test results. For example, a statistical test was performed on model 

group D for HC. The results from this test, as well as those for other model groups, 

are reported in Attachment H and indicate that statistically significant differences 

from the original tester are evident in many model groups and for all three 

pollutants. 

In order to properly and consistently analyze all of the data from the mileage accu

mulation program to 75,000 miles, three new data sets were created from data set 

ETHYL4S. These data sets, which are adjusted for component change and tester 

effects, are as follows: 
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ETHYL4S2 The two emissions tests performed after the component changes at 

50,000 miles are deleted for all vehicles in the program. The tests per

formed before component changes are retained. 

ETHYL4S3 Adjustments for component changes are calculated from the statistical 

analysis discussed in Attachment G (the effect for each pollutant/fuel/ 

model combination is calculated separately as the mean effect across 

vehicles) for all measurements past 50,000 miles. 

ETHYL4S4 Adjustments for tester effects at ECS Laboratories are added to all 
measurements after 50,000 miles in data set ETHYL4S2. Details of the 

analysis are provided as Attachment H. 

The main data set for assessing the effects of HiTEC 3000 is ETHYL4S2; a complete 
listing of this data set is provided as Attachment A. Some analysis was repeated on 
ETHYL4S, ETHYL4S3, and ETHYL4S4, with little change in results or interpreta
tion. The results are described in detail in Section 4. 

The numbers of emissions tests read, kept, and dropped in each data set are shown 

below: 

Data Set 

ETHYL0S 

ETHYLIS 

ETHYL2S 

ETHYL3S 

ETHYL4S 

ETHYL4S2 

Read 

2605 

2604 

2440 

2304 

1965 

1814 

Kepj 

2604 

2440 

2304 

1965 

1814 

1712 

Dropped 

1 

164 

136 

339 

151 

102 
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3 STATISTICAL METHODS 

The statistical tests that the EPA has used to determine whether a fuel additive 

causes or contributes to the failure of vehicles to meet applicable emission standards 

are described in 43 Fed. Reg 41424 (long-term deteriorative effect) and 45 Fed. Reg. 

58954 (instantaneous effect). Details on the long-term tests also appear in "Charac

terization Report: Analysis of MMT Fleet Data to Characterize the Impact of MMT 

on Tailpipe Emissions" (EPA Mobile Source Enforcement Division, 1978), hereinafter 

referred to as the "Characterization Report." To detect long-term deteriorative 

effects, the EPA has applied seven adverse-effects tests and a cause-or-contribute 

test (see Characterization Report). 

These tests, described in 43 Fed. Reg. 41424 and the Characterization Report, have 

been used by EPA to determine whether a fuel or fuel additive causes or contributes 

to the failure of emission control devices or systems to meet applicable emission 

standards over time. 

The seven adverse-effects tests established by the EPA allow an applicant to show 

that the fuel or fuel additive "does not have a statistically adverse emissions 

effect". In the 1978 HiTEC 3000 waiver decision (43 Fed. Reg. 41424), the EPA staff 

applied these seven statistical tests to evaluate the additive's effects on emissions. 

Four of these tests are based on fitting a simple linear regression model, while three 

are based on the data without fitting any regression model. These statistical tests 

and the initial emissions test are as follows (a more detailed description of each test 

is given in Attachment C): 

(1) Initial emissions test. The "Characterization Report" expressed concern 

that "different initial emission levels of vehicles operated on different 

fuels could mask a fuel effect." A sign test and Mann-Whitney test were 
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performed to determine if the average initial emissions are the same 

whether or not an additive is used. In this waiver application the "initial" 

emissions are at 1,000 miles, since the fuel additive was first added at 

that point. We note that the initial emissions test only indicates if the 

initial emission levels differ between the cars assigned to the EEE group 

and those assigned to the HiTEC 3000 group. No adverse effect can be 

detected at the initial mileage interval since all cars had accumulated 

the initial mileage on only Howell EEE fuel without the HiTEC 3000 addi

tive. 

(2) IK to 5K test. This test was developed to determine if an additive with 

an expected long-term effect causes an increase in emissions during 

initial mileage accumulation. For each combination of vehicle group and 

fuel, the change in average emissions from 1,000 to 5,000 miles is compu

ted. A sign test is performed by determining if the number of vehicle 

groups for which the change is greater using the additive is statistically 

significant. A Mann-Whitney test is also performed using the observed 

changes for each vehicle; this test determines whether, on average, the 

change in emissions for vehicles using the additive is higher than for 

vehicles using the clear fuel. This test is performed separately for each 

vehicle group and then the test results are added to give an overall test. 

For this waiver application, "start" will be interpreted as 1,000 miles 

since HiTEC 3000 is first introduced at that mileage. 

(3) IK versus 50K test. This is similar to test 2. The change in average 

emissions from start to 50,000 miles is computed for each combination of 

vehicle group and fuel. A sign test is performed by determining if the 

number of vehicle groups for which the change is greater using the addi

tive is statistically significant. A Mann-Whitney test is also performed 

using the observed changes for each vehicle; this test determines 

whether, on average, the change in emissions for vehicles using the addi

tive is higher than for vehicles using the clear fuel. This test is per

formed separately for each vehicle group and then the test results are 

added to give an overall test. 
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(4) Integrated emissions test. The data for each vehicle are averaged to give 

the emission rate at each mileage test point. A polygonal curve is then 

drawn through those points. The area under that curve and above the 

initial (1,000 miles) level estimates the total emissions above initial 

levels in grams for that vehicle. To allow comparisons with other sta

tistical results, the total emissions increase is divided by the accumulated 

mileage to express the increase in grams per mile. These estimates are 

also averaged to give estimates of the average emissions increase for 

each combination of vehicle group and fuel. As in statistical test 2, a 

sign test and Mann-Whitney test are performed to determine if the 

increases tend to be greater when the additive is used. 

(5) Linear regression slopes test. The additive fails this test for a particular 

vehicle group if the slope of the fitted regression line for the fuel addi

tive exceeds the slope for the clear fuel by a significant amount 

(determined by a t test). This would mean that the average emissions for 

the fuel additive increase at a faster rate. The additive fails the overall 

test for all vehicles if the slope for the additive is higher for significantly 

many vehicle groups. 

(6) Deterioration factors test. For each combination of vehicle group and 

fuel, a regression line is used to calculate the ratio of the predicted mean 

emissions at 50,000 miles to the predicted mean emissions at 4,000 miles. 

This ratio is termed the deterioration factor (DF) and is defined in 40 

CFR 86.088-28(a)(4)(iXB). For each vehicle group, the additive fails this 

test if the DF for the waiver fuel exceeds the DF for the clear fuel. The 

fuel additive fails the overall test for all vehicles if a significant number 

of vehicle groups fail the test. 

(7) Violation mileage test. The violation mileage, the mileage at which the 

theoretical average emissions reaches the standard, is found for each 

combination of vehicle group and fuel using the fitted regression lines. If 

the estimated emissions exceed the standard at 0 miles, the violation 

mileage is 0. If the estimated emissions remain below the applicable 

standard over the useful life of the vehicle group (0 to 50,000 miles), the 
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violation mileage is 99,000 miles (corresponding to no violation). The 

additive fails this test for a vehicle group if the violation mileage occurs 

sooner in the vehicles using the additive fuel. The additive fails the over

all test for all vehicles if a significant number of vehicle groups fail the 

test. 

(8) Maximum percentage of vehicles failing standard test. For each 

combination of vehicle group and fuel at each mileage, the average per

centage of vehicles failing the emissions test is estimated. This estima

tion is valid if one assumes that the regression line gives the mean emis

sions at that mileage and that variation about that regression line follows 

a normal distribution (bell-shaped curve). The estimated "maximum per

centage" over all mileages from 0 to 50,000 is then found. This maximum 

percentage will be achieved at 50,000 miles if the slope is positive, and at 

0 miles if the slope is negative. If this maximum percentage for the addi

tive-fueled vehicles is greater than for the clear-fueled vehicles, the 

conclusion is that, for the particular vehicle group considered, more vehi

cles will fail the standard over their lifetimes if the additive is used. An 

overall test for all vehicles is performed by determining if the number of 

groups with an increased "maximum percentage" failure rate is statisti

cally significant. 

If after conducting the above eight tests a fuel or fuel additive demonstrates a sta

tistically significant adverse emissions effect, the EPA has applied a ninth test to 

evaluate the impact of this effect on compliance with applicable emission stan

dards. This pivotal test evaluates whether the adverse emissions effect "causes or 

contributes" to a failure of a vehicle to meet the emission standards for which it was 

certified. As described by the EPA, this test computes the estimated percentage 

failure rate for each combination of vehicle group and fuel by the same method as 

test 8. If at any mileage point the percentage failure rate for the additive fuel 

exceeds 10 percent and exceeds the percentage failure rate of the clear fuel, then 

the additive is presumed to cause or contribute to the failure of vehicles in that 

vehicle group to meet emissions standards. A sign test is used to determine if this 

"cause or contribute" occurs for a significant number of vehicle groups. 
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To determine whether the use of HiTEC 3000 has a statistically significant adverse 

emissions effect or causes or contributes to the failure of emission control systems 

or devices to meet applicable emission standards, all of the above statistical tests 

were performed and evaluated in this application. In addition, the large and concise 

data set generated by Ethyl's test program has provided the opportunity for the 

modification of the above tests as well as for the application of additional statistical 

methods. These modifications and additional tests are discussed in greater detail 

later in this section. 

The EPA has recognized that the cause-or-contribute standard established by Section 

211 (f)(4) does not require a waiver applicant to demonstrate that the fuel additive 

will not cause any increase in exhaust emissions. Rather, the applicant need only 

demonstrate that the fuel additive does not cause or contribute to a failure of 

vehicles to meet emission standards. For this reason, the EPA's statistical tests 

have been designed to document any negative directional or adverse effects caused 

by the introduction of the fuel additive. The questions of interest under the 

applicable legal standard are whether the addition of HiTEC 3000 to Howell EEE 

causes the tailpipe emissions generated in a long-term durability test to differ from 

those generated from the use of Howell EEE alone, and, if a difference does exist 

between the emissions from these two fuel types, whether the use of HiTEC 3000 

causes a statistically significant adverse effect that will cause or contribute to the 

failure of a vehicle to meet applicable emission standards. For each of the statisti

cal tests conducted as part of this waiver, with the notable exception of the initial 

emissions test, a one-tailed approach was therefore applied. Because the statistical 

tests are conducted in this manner, any beneficial effects of HiTEC 3000 will not be 

statistically detected. Though the quantitative results reported in the next section 

show substantial reductions in NO and CO emissions with the use of HiTEC 3000, no 

tests were conducted to declare the statistical significance of these benefits. 

7 Motor Vehicle Manufacturers Association of U.S. v. E.P.A., 768 F. 385, 390 (D.C. 
Cir. 1985). 

8 MVMA v. E.P.A., 768 F. at 390. 
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In the initial emissions test the question that must be answered is whether an initial 

difference in emissions exists. The direction of any difference, if one exists, is 

unimportant. To answer this question, a two-sided statistical approach, which docu

ments statistically significant differences in either direction, is applicable. 

In addition to the determination of a one-tailed/two-tailed statistical approach, a 

confidence level must be established for reviewing the test results. The establish

ment of a confidence level is important because we wish to know how confident we 

can be that failure of a statistical test is due a HiTEC 3000 effect as opposed to ran

dom chance. In the 1978 waiver application for HiTEC 3000, the EPA applied a 90 

percent confidence level to the submitted data. This level would suggest that, even 

with no additive effect, on average one would expect to see statistically significant 

effects in 1 out of 10 statistical tests. In the present waiver application we use a 

larger number of statistical tests than used by the EPA for the 1978 application. 

This allows one to look very closely at the effects of HiTEC 3000, insuring that 

observed failures (or passes) are due to the additive itself and not random chance. 

Because of the large number of statistical tests performed, the use of a confidence 

level higher than 90 percent is required in this application to adequately document 

the HiTEC 3000 effects. For that reason, a 95 percent confidence level was 

established for determining an adverse effect. The use of this 95 percent level 

implies that if no HiTEC 3000 effect exists, a failure will only be seen in 1 out of 20 

statistical tests on average. 

In applying the EPA statistical tests to the Ethyl fleet data, in many cases a sign test 

is performed to determine if the number of models for which an adverse effect was 

observed is statistically significant. Since there are eight models in the Ethyl fleet, 

and since a 95% confidence level (5% significance level) is used throughout our 

analyses (in view of the comments in the last paragraph) it follows that the sign test 

is failed if either seven or eight models show an adverse effect. This is because the 

probability of seven or more pluses out of eight is less than 5 percent, if pluses and 

minuses are equally likely. For the initial emissions test there is an exception 

because this test warrants a two-tailed approach (as discussed above). Therefore, 

either zero or eight initial differences will have a plus sign if the initial difference 

sign test is failed. 
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Note that the number of models used in the sign test is smaller than eight if there 

are models for which there is no difference between the fuels. In such cases the 

number of adversely affected models required for failure of the statistical tests will 

be less than seven. 

EPA STATISTICAL TESTS FOR CERTIFICATION 

Congress has defined the procedures required of all automobile manufacturers who 

market vehicles in the United States (Clean Air Act, Section 206). Among these pro

cedures is the requirement that a manufacturer must obtain a "certification" from 

the EPA Administrator demonstrating that its vehicles will meet applicable emission 

standards during the useful life of the vehicles. 

This requirement is of particular importance to applicants for fuel or fuel additive 

waivers because under Section 211(f) of the Clean Air Act, an applicant must show 

that the use of the fuel or fuel additive "will not cause or contribute to a failure of 

any emission control device or system (over the useful life of any vehicle in which 

such device or system is used) to acheive compliance by the vehicle with the emis-

sion standards with respect to which it has been certified pursuant to Section 206." 

In addition, the EPA has stated (43 Fed. Reg. 11259) that "it is essential that test 

data provide a reliable basis for comparison with the conditions under which vehicles 

are certified pursuant to Section 206 of the Clean Air Act." Because of the integral 

role that the certification requirements play in the waiver process, some mention 

should be made of the certification test procedures used in the statistical analysis 

for this application. 

Of primary interest to this analysis and the application of the EPA's statistical tests 

is the development of the deterioration factors used to evaluate the decrease in an 

emission control system's efficiency over the useful life of a vehicle (defined in the 

Clean Air Act as "a period of use of five years or of fifty thousand miles (or the 

9 42 U.S.C. §7545. 
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equivalent), whichever first occurs." Although the method by which an automobile 

manufacturer accumulates the necessary data to derive the deterioration factor for 

each vehicle has been modified over the years, the basic calculation remains the 

same. 

As originally developed by the EPA, the deterioration factor is the ratio of interpola

ted exhaust emissions at 50,000 miles over the interpolated exhaust emissions at 

4,000 miles. The interpolated values are derived from fitting the best straight line 

to the actual exhaust emission data at the various testing mileage points using stan

dard statistical analysis. After the deterioration factor for a particular vehicle 

model has been calculated, the EPA can then determine whether a vehicle will meet 

applicable emission standards for a particular pollutant by multiplying actual or 

estimated emissions data for 4,000 miles by the deterioration factor. Only then is a 

vehicle group certified by the EPA for sale in the United States. 

DISCUSSION OF STATISTICAL ASSUMPTIONS 

The initial emissions test, the seven adverse-effects tests, and the cause-or-contri-

bute test were conducted using the data set ETHYL4S2. In conducting these tests 

and the modified tests discussed below, assumptions had to be made regarding the 

type of regression model that should be used for analysis, whether the vehicle means 

were equal or unequal, and whether the variability in emissions were consistent or 

inconsistent across mileages or fuels. 

The EPA tests can be divided into four different types: the initial emissions test, 

the adverse-effects tests based on the raw data, the adverse-effects tests based on 

fitting a regression model to the data, and the cause-or-contribute test. A linear 

regression line calculated in the initial analyses of the 50,000 mile data was used in 

the four adverse-effects tests based on regression analysis and the cause-or-contri

bute test. As will be discussed in greater detail later in this section, a linear regres

sion model was used primarily because of its application in previous waiver applica

tions. For purposes of consistency with previous applications and because of the 

10 42 U.S.C. §7521(dXD. 
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EPA's use of the linear regression model in certification procedures, its use in anal

yzing the 50,000 mile data appeared to be warranted. In addition, linear regression 

results were required for input into EPA's MOBILE4 computer model used in the air 

quality studies (see Appendix 5). However, we repeated the 50,000 mile data regres

sion analyses based on quadratic regression models, which in most cases fit the data 

statistically significantly better (Attachment C). 

The second assumption is that the mean emissions for each individual vehicle is the 

same as that for all vehicles in the same vehicle group using the same fuel. If the 

mean emissions are equal, then all tests on all vehicles in that group/fuel combina

tion can be averaged. If the mean emissions are unequal, an average of all emissions 

must be calculated for each individual vehicle and then for the group/fuel combina

tion. Since the statistical tests were mainly carried out on ETHYL4S2, which has 

two tests per vehicle for most mileage intervals, the estimated mean emissions are 

in most cases the same under both assumptions. The estimates of emission variances 

are, however, affected by whether or not we make the assumption of equal vehicle 

means. 

The third assumption is that the variance of emission test observations does not 

depend on mileage, although usually it does depend on vehicle model, fuel type, and 

pollutant. As can be seen by reviewing the data plots in Attachment B, there is no 

apparent pattern in the variability of observed emissions as mileage increases up to 

50,000 miles. 

An important question is whether variances across fuels for each vehicle model group 

and pollutant are equal. When the variance in emissions for each pollutant, vehicle 

model, and fuel combination is computed, there is no clear evidence that the vari

ance is either reduced or increased consistently across models when clear fuel is 

replaced with HiTEC 3000. In many cases, however, the variances for the two fuels 

are statistically significantly different. Almost the same results are obtained when 

the statistical tests are carried out assuming unequal variance. (A mathematical 

explanation of this phenomenon is included in Attachment C). 
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SAI MODIFICATIONS TO EPA 50,000 MILES TESTS 

The use of nonparametric tests (sign test and Mann-Whitney test) limits to some 

degree the probability of statistically detecting a difference in emissions if in fact a 

difference exists. Further, the sign test is based solely on calculating two numbers, 

one for each fuel. If the waiver fuel value is larger, the fuel effect is adverse for a 

given vehicle group regardless of the magnitude of the difference. For example, if 

the deterioration factor of the waiver fuel is 1.60 and the deterioration factor for 

the clear fuel is 1.59 for a given vehicle model group, then the waiver fuel will fail 

the test for that group. Obviously, the magnitude of the difference in this case could 

hardly be termed a practically significant effect. Thus the sign test has a high 

probability of showing an adverse effect for a given vehicle group even if the actual 

effect is either beneficial or not practically significant. Similar remarks apply to 

the Mann-Whitney tests. In general, the use of these tests does not take full advan

tage of the information available in the data. In addition, the overall tests that 

combine results from all of the vehicle models inherently assume that all models are 

equally represented in the national fleet and do not take into account the important 

issue that some model types are much more prevalent than others. 

To be consistent with the EPA's previous approach in evaluating the potential effects 

of HiTEC 3000 on emission control systems, the initial emissions test, the seven 

adverse-effects tests, and the cause-or-contribute test were performed using the 

evaluation methods discussed above. However, in an attempt to enhance the statis

tical power of these tests to detect any differences if they exist, the following modi

fications were also performed in most cases. 

1. The EPA's nonparametric tests (Mann-Whitney rank sum and sign of the 

difference tests) were also analyzed by an appropriate parametric test. 

2. Tests based on linear regression were also analyzed by analogous tests 

based on quadratic regression. 

3. Weighted averages over vehicle model groups using actual 1988 

percentage sales figures were analyzed. 

Complete details on these parametric tests are contained in Attachment C. 
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SAI ADDITIONS TO EPA 50,000 MILE TESTS 

Since the data set is large (approximately 1700 emissions tests) and mileage was 

accumulated over a wider range than ever previously evaluated by the EPA in a 

waiver application, additional statistical tests could be performed to determine 

whether HiTEC 3000 causes or contributes to the failure of emission control systems 

to meet applicable emission standards. These tests are important not only because 

of their ability to distinguish statistically significant effects from the use of this 

product in unleaded gasoline, but also because they address basic questions concern

ing the appropriate statistical models to be used in long-term vehicle studies. 

The first additional test involves the analysis of the mean HiTEC 3000 effect for 

mileages between zero and 50,000 miles. This approach is useful in determining any 

practical emissions effect of HiTEC 3000 because it looks only at the data generated 

in the test program as opposed to a statistical regression model. In this analysis the 

total emissions (in grams) over the interval from 1,000 to 50,000 miles are estimated 

for each vehicle and pollutant. The mean emissions for each test interval (1,000, 

5,000, 10,000,...50,000 miles) is plotted against the mean test mileage and these 

points are joined by straight lines. The resulting polygonal curve estimates emissions 

in grams per mile as a function of mileage for that vehicle and pollutant. Therefore, 

the area under the curve estimates the total emissions in grams over the 49,000 mile 

accumulation for that vehicle. For convenient comparisons we divide the area by the 

accumulated mileage to estimate the average emissions in grams per mile. The 

results are averaged across vehicles and models and weighted according to 1988 

sales. The approach taken in this analysis is exactly the same as the procedure used 

in SAI's application of the EPA's integrated emissions test except that the initial 

average emissions levels are not subtracted out. 

It should be noted that the results obtained in the above analyses of the mean effect 

do not take into account the fact that the initial emissions levels of the vehicles 

selected for the HiTEC 3000 group differ from the levels for the clear-fueled vehi

cles. Since any initial difference cannot be a HiTEC 3000 effect and yet is expected 
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to persist for the lifetime of the vehicles, it is reasonable to subtract the initial dif

ference from the estimated HiTEC 3000 effect. Otherwise a difference at higher 

mileages due primarily to initial differences would be wrongly interpreted as a 

HiTEC 3000 effect. The initial difference is estimated by subtracting the weighted 

average emissions for the clear-fueled vehicles at 1,000 miles from the weighted 

average emissions for the HiTEC 3000-fueled vehicles at 1,000 miles. Complete 

results for the mean HiTEC 3000 effect with and without an adjustment for the 

initial differences between the vehicle groups are shown in Section 4 of this report 

and in Attachment D. 

The second addition to the EPA's analysis methods is to use quadratic regression 

curves in applying the regression based tests. Historically, the EPA has based much 

of its statistical analysis of automobile emissions on a simple linear regression 

model. This model is derived by fitting the best straight line to the mean emissions 

data at various test mileage points using standard statistical techniques. In particu

lar, this modeling approach was used by the EPA to evaluate Ethyl's 1978 waiver 

application for HiTEC 3000 and continues to be used for calculating deterioration 

factors for certification testing. 

Once all mileage had been accumulated in this program (75,000 miles), a visual 

observation of the plotted raw data indicated that a linear regression model might 

not be the most appropriate model for statistically evaluating the effects of HiTEC 

3000. As can be seen in the plots in Attachment B, exhaust emissions appear to be 

generally linear from 0 to about 50,000 miles, but from 50,000 to 75,000 miles the 

slopes for each pollutant group tend to flatten. 

In order to select the most appropriate regression model for the total accumulated 

data, statistical tests were conducted and comparisons of the "goodness of fit" of 

-both linear and quadratic models were made. Based on this comparison, a quadratic 

regression model was shown to fit the data better. The improvement in fit was sta

tistically significant for both the 50,000 mile and 75,000 mile data in most cases. 

The statistical tests used in this determination are described in Attachment C. 
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For the 50,000 mile analysis, we therefore repeated the various EPA and SAI-modi-

fied regression tests using quadratic regressions rather than linear regressions. The 

quadratic regression tests, described below for the 75,000 mile analysis (and 

described in detail in Attachment C) are similar in principle to the linear regression 

tests. The main difference is that the slopes comparison is carried out at different 

mileages because the quadratic model assumes that the slope (deterioration rate) 

varies with mileage. Since the fit of the linear regression model is relatively good 

for the 50,000 mile data, as opposed to the 75,000 mile data, the results of the 

quadratic regression tests do not differ very much from the linear regression tests 

for the 50,000 mile data. 

75,000 MILE EXTENSIONS OF 50,000 MILE TESTS 

The decision to extend the mileage accumulation phase of the waiver program to 

75,000 miles required that the tests previously applied by the EPA be reviewed. This 

review led to extensions or certain modifications in a number of the EPA's adverse-

effects tests as well as the cause-or-contribute test. It also allowed for the applica

tion of additional statistical tests to the complete 75,000 mile data set. Given the 

size of the improvement in fit between the linear and quadratic models for the 

75,000 mile data, the regression tests for the 75,000 mile data were based on quadra

tic models only. In addition, where appropriate, the Mann-Whitney and sign of the 

difference tests were supplemented by parametric tests, and weighted averages over 

vehicle model groups using 1988 percentage sales figures were also applied to the 

75,000 mile data set. This is consistent with the approach to evaluating the 50,000 

mile data. The following modifications were made to the initial emissions, adverse-

effects, and cause-or-contribute tests, for both the EPA nonparametric tests and the 

SAI parametric versions. These tests were applied to data set ETHYL4S2. 

1. Initial emissions test. The accumulation of 75,000 miles and the resultant 

data set obviously have no effect on the initial emission levels. For this 

reason, the initial emissions test was not performed on the additional 

data. 
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2. IK versus 5K test. The accumulation of 75,000 miles has no effect on the 

test start through 5,000 miles. Therefore, this test was not run a second 

time. 

3. IK versus 75K test. This test is similar to the IK versus 50K test with 

the exception that 75,000 mile data is used instead of 50,000 mile data. 

4. Integrated emissions test. This test is analagous to that developed and 

used by the EPA but uses the complete 75,000 mile data instead of the 

50,000 mile data. 

5. Slopes test. In a quadratic regression model the slope of the fitted 

regression curve changes with mileage. For this reason it would not be 

possible to determine a single slope for each vehicle group. Therefore, 

slopes are calculated at 25,000, 50,000, and 75,000 miles for each vehicle 

group and then compared by fuel type. The additive fails this test for a 

particular vehicle group if the slope of the fitted quadratic regression 

curve for the waiver fuel exceeds the slope for the clear fuel by a signifi

cant amount (as determined by a t test). The additive fails the overall 

modified test if the waiver fuel slope is higher for significantly many 

vehicle groups. 

Since the MOBILE4 input requires separate linear regressions applied to 

the data before and after 50,000 miles (rather than a single regression 

model) a linear regression model was fitted to the data from 55,000 to 

75,000 miles. The EPA linear regression slopes test was applied to these 

linear regressions. 

6. Deterioration factors test. A quadratic regression curve is used to rede

fine the deterioration factor as the ratio of the predicted mean emissions 

at 75,000 miles to the predicted emissions at 4,000 miles for each com

bination of vehicle group and fuel. The analysis parallels the 50,000 mile 

analysis. 

9 0 0 2 5 r l s 
29 



7. Violation mileage test. Using the fitted quadratic regression curves, the 

violation mileage at which the theoretical average emissions reaches the 

standard is found for each combination of vehicle group and fuel. 

8. Maximum percentage of vehicles failing standard test. A quadratic 

regression curve is calculated for each combination of vehicle group and 

fuel. At each mileage the average percentage of vehicles failing emis

sions tests is estimated and the maximum percentage over all mileages 

from the start to 75,000 miles is then found. 

9. Cause or Contribute test. The 50,000 mile version is extended to 75,000 

miles by changing the linear regression model to a quadratic regression 

model and by comparing estimated percentage failures at each mileage 

from 0 to 75,000 miles. 

10. Test of quadratic coefficient. A quadratic coefficient is calculated for 

each combination of vehicle group and fuel. This coefficient is defined as 

the multiple of mileage squared and is one-half the rate of change of the 

quadratic regression slope. The additive fails this test for a particular 

vehicle group if the quadratic coefficient for the waiver fuel exceeds the 

coefficient for the clear fuel by a significant amount (determined by a t 

test). The additive fails the overall test if it fails the test for a signifi

cant number of vehicle groups. 
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4 RESULTS OF ANALYSIS OF COMPOSITE EMISSIONS 

In the previous sections of this appendix the statistical basis for Ethyl's HiTEC 3000 

waiver application was reviewed. In Section 2 the testing program was described, 

including a discussion of the waiver fleet, the general procedures followed during 

mileage accumulation and emissions testing, and the rationale for the data sets 

analyzed. In Section 3 the statistical methods developed by EPA for previous waiver 

submissions were described. Because the data generated in support of this waiver 

request are from a well-designed emissions testing program, many of the EPA tests 

could be enhanced and other, more powerful, statistical techniques could be applied. 

This section presents the results of the statistical tests and analyses. To aid the 

reader in interpreting these results, the significance of the adverse-effects and 

cause-or-contribute tests, the modifications made to these tests, and the additional 

tests are summarized. Tables are presented in the text showing the relevant results 

for the weighted averages across vehicle model groups. Detailed results (including 

model-specific results) are provided in two complete sets of tables found in Attach

ments D (50,000 mile analyses) and E (75,000 mile analyses). 

WEIGHTED AVERAGE EMISSIONS 

Figures 4-1 through 4-3 show the plotted 75,000 mile raw data (data set ETHYL4S2) 

for HC, CO, and NOx and indicate the current federal standards of 0.41, 3.4, and 1.0 

g/mile, respectively. These plots were developed by taking the average emissions for 

each fuel for each vehicle group and weighting them based on 1988 sales figures. 

In viewing these plots, a number of significant points can be made. In general, it is 

apparent from the weighted averaged data that both the clear and HiTEC 3000 
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FIGURE 4-1. Weighted average hydrocarbon tailpipe emissions (data set 
ETHYL4S2). 
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FIGURE 4-2. Weighted average carbon nonoxLde tailpipe emissions (data 
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FIGURE 4-3. Weighted average nitrogen oxide tailpipe emissions (data set 
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vehicle groups meet current 50,000 mile emission standards for both HC and NO and 

remain below the 50,000 mile standard at 75,000 miles. This would imply that for 

the waiver fleet, which represents 53 percent of 1988 U.S. sales, the use of HiTEC 

3000 does not cause or contribute to the failure of any emission control system to 

meet HC and NOx standards. Additionally, the vehicles fueled with HiTEC 3000 

clearly show an improvement in CO emissions as compared to the clear-fuel vehicles 

beginning at 40,000 miles. Although both vehicle groups do fail to meet the current 

federal CO emission standard of 3.4 g/mi, the plotted results suggest that the long-

term use of HiTEC 3000 results in CO emissions reductions and does not cause or 

contribute to the failure of an emission control system to meet CO standards. 

From the earliest stages of the mileage accumulation program, HiTEC 3000 

demonstrates a beneficial and lasting effect on NO emissions. This improvement 

begins very shortly after the initial addition of the additive; although the vehicles 

assigned to HiTEC 3000 have slightly higher initial (1,000 miles) emissions, they have 

lower emissions at the first testing interval following the addition of the additive 

(3,000 miles). The beneficial effect increases as mileage accumulates, and at 25,000 

miles NOx emissions are decreased on average by 0.04 g/mi. The benefits from the 

use of HiTEC 3000 in controlling NOx continues with additional mileage. At 50,000 

miles, NOx emissions are reduced by 0.12 g/mi in those vehicles fueled with HiTEC 

3000 and are further decreased to 0.25 g/mi when measured at 75,000 miles. As 

emission control strategies take into greater account the effects of NOx on air 

quality, the improvement demonstrated by HiTEC 3000 must be considered. 

Figure 4-2 shows that the use of HiTEC 3000 does not cause or contribute to the 

failure of a vehicle to meet current CO emission standards. Up to 40,000 accumula

ted miles there is no apparent effect of HiTEC 3000 on emission rates. Past 40,000 

miles, however, HiTEC 3000 shows a beneficial impact on emissions. At the conclu

sion of 50,000 miles of accumulation the weighted averaged data show that the 

vehicles fueled with HiTEC 3000 have 0.40 g/mi less CO emissions than those fueled 

with Howell EEE alone. This effect on CO emissions continues for the remainder of 

the test program, with a 0.33 g/mi decrease observed at 75,000 miles. 
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As can be seen in Figure 4-1, the use of HiTEC 3000 does not cause or contribute to 

the failure of the waiver fleet to meet the current HC emission standard at either 

50,000 or 75,000 miles. Although small increases in HC emission rates are observed, 

at 50,000 miles the vehicles fueled with HiTEC 3000 are 0.07 g/mi below the current 

federal HC standard of 0.41 g/mi. 

Taken together in this straightforward manner, the plots of the averaged 75,000 mile 

raw data weighted by 1988 actual sales figures clearly show that the use of HiTEC 

3000 in unleaded gasoline will not cause or contribute to the failure of emission 

control systems to meet the standards for which they were certified. Although this 

graphical examination of the effects of HiTEC 3000 is useful in gaining an overall 

perspective of the potential effects from the use of the product, the application of 

statistical tests defined by EPA and expanded in this study address more accurately 

the specific effects present. 

As was mentioned in Section 3, the statistical tests applied to data set ETHYL4S2 

are divided into four different types: the initial emissions test, the adverse-effects 

tests based on the raw data, the adverse-effects tests and modifications based on 

fitting a regression model to the data, and the cause-or-contribute test. In the pre

sentation of the test results, each of the four test groups will be discussed 

separately. In addition, the results on those tests performed on the 50,000 mile data 

will be reviewed first followed by the 75,000 mile results. 

INITIAL EMISSIONS TEST 

As described in Section 3, the initial emissions test compares the emissions rate (in 

g/mi) between the HiTEC 3000-fueled vehicles and the clear-fueled vehicles at 1,000 

miles. In developing this test, the EPA wanted to address the concern that an initial 

difference in the emission levels from waiver vehicles operated on different types of 

fuels could potentially mask a fuel effect. This would indicate that the EPA does not 

consider this test as a measure of any initial adverse effect but rather as a means of 

establishing initial differences that may exist between the two vehicle populations. 

In this program, all 48 test vehicles were assigned to a fuel type in a random manner 
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at 1,000 miles. Although this selection was intended to insure that no bias was intro

duced into the assignment of the fuel types, Table 4-1 shows that there were some 

differences in the initial emission rates. 

TABLE 1-1. Comparison of 
in i t i a l emission rates 
(g/mi). 

HC 

CO 

NOx 

Cars 
to be 
Fueled 
by EEE 

0.162 

1.38 

0.34 

Cars to be 
Fueled by 
HiTEC 3000 

0.159 

1.41 

0.35 

The statistical tests reported in Attachment D (pages D-1 to D-6) and summarized in 

Table 4-2 indicate that the initial differences in emissions between those vehicles 

fueled with HiTEC 3000 and those on clear fuel are not significant for HC and CO 

using either non-parametric or parametric tests. For NOx, the use of a non-para

metric rank sum test indicates that the initial difference is significant when vehicle 

means are assumed to be equal. Furthermore, the application of a parametric t test 

also indicates a significant difference if the assumption is made that vehicle means 

are not equal. 

Although the issue of equal/not equal vehicle mean assumptions was raised and dis

cussed in Section 3, the effect that this assumption has on the statistical results in 

this test requires that some mention again be made. Throughout the statistical 

study, data set ETHYL4S2 has been used as the main working data set. This data set 

excludes all standard emissions tests beyond the first two to insure that the variance 

calculations are not biased or unfairly weighted. However, a number of the statisti

cal tests available for analyzing the potential effects of HiTEC 3000 in this waiver 

request do allow for the application of both equal and unequal vehicle mean emis

sions assumptions. In an equal vehicle mean emissions assumption, all tests on all 
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TABLE 4-2. Statistical analysis of 50,000 mile emissions data: 
results of initial emissions test. The table notes passes (P) and 
failures (F) for both EPA nonparametric (NPARM) and SAI parametric 
(PARM) tests. 

Test Version 

Equal car means 

Unequal car means 

HC 

NPARM 

P 

P 

PARM 

P 

P 

CO 

NPARM 

P 

P 

PARM 

P 

P 

N0X 
NPARM PARM 

F P . 

P F 
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vehicles within a group/fuel combination can be averaged and the variability of emis

sions determined about this common mean. When one assumes that the vehicle mean 

emissions are not equal, then an average of ail emission tests for an individual 

vehicle must be calculated and then averaged across the group/fuel combination. 

The estimated variance between emissions for any given vehicle group/fuel combina

tion will be larger under the equal vehicle mean emissions assumption. 

NONREGRESSION ADVERSE-EFFECTS TEST RESULTS ON 50,000 MILE DATA 

In reviewing the summary of results for the non-regression adverse effects tests on 

the 50,000 mile data (Table 4-3) it can be seen that HiTEC 3000 passes all non

parametric and parametric statistical tests except the IK versus 5K test for HC, and 

the IK to 50K integrated emissions test for HC. The significance of each of these 

individual tests will be discussed in more detail below. 

IK Versus 5K Test 

The IK versus 5K test was developed to determine if an additive causes an increase 

in emissions during initial mileage accumulation. For this test, the average increase 

in emissions from 1,000 miles to 5,000 miles is calculated; the results are in Table 

4-4. 

TABLE 4-4. Change in emissions from 
1,000 to 5,000 miles (g/mi). 

HC 

CO 

N0X 

EEE 

+0.024 

+0.33 

+0.09 

HiTEC 3000 

+0.041 

+0.39 

+0.06 

HiTEC 3000 
Effect 

(g/mi) 

+0.017 

+0.06 

-0.03 
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TABLE 4-3. Statistical analysis of 50,000 mile emissions data: 
results of nonregression adverse test effects. The table notes 
passes (P) and failures (F) for both EPA nonparametric (NPARM) and 
SAI parametric (PARM) tests. 

Test and Version 

1k versus 5k 

Equal car means 

Unequal car means 

1k versus 50k 

Equal car means 

Unequal car means 

Integrated emissions 

1k to 50k 

5k to 50k 

HC 

NPARM 

F 

F 

P 

P 

F 

P 

PARM 

F 

F 

P 

P 

F 

P 

CO 

NPARM 

P 

P 

P 

P 

P 

P 

PARM 

P 

P 

P 

P 

P 

P 

N0X 
NPARM 

P 

P 

P 

P 

P 

P 

PARM 

P 

P 

P 

P 

P 

P 
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The statistical tests applied to these averages (Attachment D) show that the use of 

HiTEC 3000 is not associated with a significant change in the CO or NOx emissions 

from 1,000 miles to 5,000 miles. These results are consistent regardless of the 

vehicle means assumption made or the non-parametric/parametric test method 

used. In the case of HC, the results indicate that a small (0.017 g/mile) but statisti

cally significant increase in emissions does occur. This implies that the use of 

HiTEC 3000 is associated with a short-term increase in HC emissions. 

The analysis of emission changes from 1,000 miles to 5,000 miles does not imply that 

emissions are affected, either favorably or unfavorably, immediately after HiTEC 

3000 addition. In response to Ethyl's 1978 waiver application, comments were 

received from the automobile manufacturers suggesting that HiTEC 3000 caused an 

instantaneous effect on tailpipe emissions. The EPA determined in their evaluation 

of the application that HiTEC 3000 "is expected to affect vehicle emissions over a 

period of time rather than 'instantaneously.* Therefore, conventional back-to-back 

emission tests of the same car on different fuels would not be an appropriate test 

method to evaluate HiTEC 3000 effects." In this waiver program, however, Ethyl 

did conduct tests on a number of vehicles to confirm the EPA's previous conclusions 

that this instantaneous effect does not exist. The results of these tests are con

tained in Appendix 2C and show that HiTEC 3000 does not have an instantaneous 

effect on emissions. 

IK Versus 50K Test 

The approach used in this test and the intent of this test are similar to that of the 1K 

versus 5K test. The average increase in emissions from 1,000 miles to 50,000 miles 

is calculated and the resultant values for each fuel type are compared; these 

increases are shown in Table 4-5. This test was developed to determine whether the 

"Characterization Report" 

90025 7 

41 



P.65 

increase in emissions over a long-term mileage accumulation program.is higher on 

average for the additive-fueled vehicles than the clear-fueled vehicles. 

TABLE 4-5. Change in emissions from 
1,000 to 50,000 miles (g/mi). 

HC 

CO 

N0X 

EEE 

+0.182 

+2.57 

+0.24 

HiTEC 3000 

+0.187 

+2.15 

+0.10 

HiTEC 3000 
Effect 
(g/mi) 

+0.005 

-0.04 

-0.14 

The statistical analysis of the long-term changes in emissions (Attachment D, pages 

D13-D18) shows that the use of HiTEC 3000 is not associated with a significant 

effect on any of the three regulated pollutants using either nonparametric or 

parametric test methods. In addition, the changes that occur remain insignificant 

regardless of the vehicle mean assumption made. 

This test is of particular interest to this application because it puts the short-term 

effect of HiTEC 3000 on HC emissions in greater perspective. The results of the IK 

versus 50K test coupled with the fact that average emissions for HC (as seen in 

Figure 4-1) do not fail federal emission standards indicate that the use of HiTEC 

3000 is not associated with a long-term adverse effect on emission control systems. 

Integrated Emissions Test 

The integrated emissions test differs from the IK versus 50K test. In this test, the 

total emissions above initial levels accumulated over the entire mileage program are 

calculated as opposed to comparing the average emissions at only two mileage points 

(1000 miles and 50,000 miles) as in the previous test. This is accomplished by 

averaging the data for each vehicle at each mileage point and drawing a polygonal 
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curve through those points. The area under the curve (and above the initial level, 

i.e., 1,000 miles) estimates the total emissions above the initial level in grams for 

that vehicle. The total integrated emissions for each vehicle is then divided by the 

accumulated mileage (49,000 miles) to express the result in an emission rate as 

grams per mile. 

TABLE 4-6. Integrated emissions above in i t i a l levels (g/mi) 
from 1,000 to 50,000 miles. 

HC 

CO 

N0X 

EEE 

0.102 

1.47 

0.16 

HiTEC 3000 

0.119 

1.37 

0.08 

HiTEC 3000 
Effect 
(g/mi) 

+0.017 

-0.10 

-0.08 

The results shown in Table 4-6 and the statistical tests reported in Attachment D 

(pages D19-D21) clearly indicate that for both nonparametric and parametric test 

conditions HiTEC 3000 is not associated with a significant effect on the integrated 

CO or NOx emissions. However, there is a small but statistically significant increase 

in HC emissions under either test method. 

Because of the earlier observation that HiTEC 3000 was associated with a short-term 

increase in HC emissions, it is likely that this initial difference results in the failure 

of the integrated emissions test, since the initial HC difference in Table 4-1 and the 

integrated emissions difference in Table 4-6 are both 0.017 g/mi. To examine this 

further, the integrated emissions were recalculated assuming an initial level of 5,000 

miles instead of 1,000 miles. Under this modified test, HiTEC 3000 passed both the 

nonparametric and parametric tests for all three pollutants; the weighted average 

results are shown in Table 4-7 and statistical tests are reported in Attachment D 

(pages D22-D24). 
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TABLE 4-7. Integrated emissions above in i t i a l levels (g/mi) 
from 5,000 to 50,000 miles. 

HiTEC 3000 
• Effect 

EEE HiTEC 3000 (g/mi) 

HC 0.086 0.087 +0.001 
CO 1.25 1.09 -0.16 
N 0 V 0.08 0.03 -0.05 

These results indicate that the failure of the HC integrated emissions test is attribu

table to the initial effect seen at 5,000 miles. That initial effect of 0.017 g/mi does 

not increase from 5,000 to 50,000 miles. In other words, there is an initial (1,000 to 

5,000 miles) small adverse effect of HiTEC 3000 on the emission rates, but no 

additional adverse effect past 5,000 miles. 

Average Effects Analysis 

The average effects analysis is not a statistical method previously used by the EPA 

to evaluate HiTEC 3000. The average effect is calculated from the total integrated 

emissions between 1,000 miles and 50,000 miles for each vehicle; to derive an 

average emission in grams per mile, this total is divided by the accumulated mile

age. This approach differs from the earlier integrated test because emissions are 

integrated above zero rather than above the emissions when the additive is first 

introduced. 

In this analysis the treatment of any initial emissions difference is very important. 

This is because any difference that exists at the outset will be carried throughout the 

test program and unfairly bias the test results. As was observed in the initial emis

sions test, the random assignment of fuels to vehicles resulted in higher statistically 

significant NOx emissions in those vehicles using HiTEC 3000 as compared to clear-

fuel vehicles. For this reason, the HiTEC 3000 averages shown in Table 4-8 were 
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calculated by scaling for the initial difference between HiTEC 3000 and Howell 

EEE. Although an initial difference was found to be statistically significant only for 

NOx emissions, HC and CO emissions are also scaled for consistency of the analysis 

approach. The initial differences observed in Table 4-1 were -0.002 g/mi for HC, 

0.03 g/mi for CO, and 0.02 g/mi for NOx. 

TABLE 4-8. Average effect of HiTEC 3000. 

HC 

CO 

MOx 

Average Integrated 
Emissions, 1,000 
to 50,000 Miles 

(g/mi) 
EEE 

0.263 

2.84 

0.49 

HiTEC 3000 

0.281 

2.75 

0.42 

HiTEC 3000 Effect 
(g/mi) 

+0.018 

-0.09 

-0.07 

The table shows average decreases of 0.09 g/mi CO and 0.07 g/mi NOx over the use

ful life of the vehicle. The difference calculated for HC indicates a slight increase 

in the average emissions in those vehicles fueled with HiTEC 3000. This increase is 

nearly equal to the short-term 1,000 to 5,000 mile increase for HC shown in Table 

4-4. The implication again is that after a small initial increase, there is no effect of 

HiTEC 3000 on emissions over the useful life of the vehicle. 

In evaluating the results obtained in the adverse-effects tests based on the raw data, 

the use of the more powerful parametric tests raises a question as to the degree of 

measurable difference that can be statistically observed between the two fuel 

types. This question is of particular importance in putting any observed increase in 

emissions in context from a practical as opposed to a statistical point of view. 

To address this question, calculations were carried out on the integrated emissions 

test and the IK versus 5K test. The results of these calculations are that if HiTEC 
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3000 causes an increase in emissions of only 0.011 g/mi, then this increase can be 

statistically detected 50 percent of the time. The implication of these calculations 

is that a very small difference in HC emissions is likely to be detected because of 

the amount of data available and the powerful statistical methods employed. 

LINEAR REGRESSION-BASED ADVERSE-EFFECTS TESTS ON 50,000 MILE DATA 

As described in Section 3, a linear regression model was used for the initial analyses 

of the waiver fleet data. This was due to the fact that the EPA had previously 

applied this type of regression model in earlier waiver applications and continues to 

use a linear model for certification of automobiles. In addition, this simple model 

was applied because linear regression results were required for input into EPA's 

MOBILE4 computer model for evaluating the effects of HiTEC 3000 on air quality. 

Further discussion on the methods of incorporating these linear regression results 

into MOBILE4 is contained in Appendix 5. 

The linear regression-based adverse-effects test results are summarized in Table 

4-9. As can be readily seen, HiTEC 3000 passes all tests for each of the regulated 

pollutants for both non-parametric and parametric conditions. Further discussion of 

each test is provided below. 

Linear Regression Slopes Test 
Linear Regression Deterioration Factors Test 

The linear regression slopes test, which calculates the vehicle deterioration rate, and 

the deterioration factors test are similar in that they both rely upon a fitted regres

sion line that determines an emission slope over mileage. The deterioration rate is 

defined as the slope of the regression line while the deterioration factor is the fitted 

(from the regression model) 50,000 mile emission rate divided by the fitted 4,000 

mile emission rate. 
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TABLE 4-9. Statistical analysis of 50,000 mile emissions data: results of linear 
regression-based adverse-effects tests. The table notes passes (P) for both 
the EPA nonparametric (NPARM) and SAI parametric (PARM) tests. 

Test 

HC CO NO. 
NPARM PARM NPARM PARM NPARM PARM 

Linear regression slopes f P 
(deterioration rate) test 

Linear regression P P 
deterioration factors test 

Violation mileage test P P 

Maximum percentage of vehicles P P 
failing standard test 
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TABLE 4-10. Comparison of de ter iora t ion ra t e s 
and deter iora t ion fac tors . 

Deterioration Rate/ Deterioration 
10.000 Miles Factor 

EEE HiTEC 3000 EEE HiTEC 3000 

HC 0.035 0.036 1.77 1.73 

CO 0.48 0.42 2.29 2.07 

N0V 0.03 0.01 1.45 1.20 

The calculated deterioration rates and deterioration factors for all three regulated 

pollutants are shown in Table 4-10 above. The statistical comparison and testing 

shown in Attachment D (pages D37-D42) indicate that HiTEC 3000 demonstrates no 

adverse effect for any pollutant. This is an important conclusion in light of the 

EPA's use of deterioration factors in vehicle certification tests, and the use of 

deterioration rates in the estimation of fleet emissions calculated by EPA's MOBILE4 

model. 

The question of whether the addition of HiTEC 3000 would have affected the 

certification of any of the eight model groups in the waiver fleet could be decided by 

dividing the deterioration factor for HiTEC 3000 by the deterioration factor obtained 

for Howell EEE. The resulting ratio would provide a measure of the incremental 

difference in emissions when using the HiTEC 3000 additive. As can be seen in Table 

4-10, the deterioration factor for HiTEC 3000 is less than that for Howell EEE for all 

three pollutants, and therefore the calculated ratio would be less than one in all 

cases. Because of this, the 50,000 mile emission rates that would be calculated by 

multiplying the ratio by the 50,000 mile certification emission rates for HC, CO, and 
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12 NOx will always be less than the emissions currently certified for 50,000 miles. 

The results of this calculation imply that all eight model groups would have been 

certified as complying with applicable emission standards even if they used fuel 

containing HiTEC 3000. 

Violation Mileage Test 

In this test, the mileage point at which the theoretical average emissions violate the 

applicable standard is estimated for each vehicle group/fuel combination using the 

fitted regression lines. The additive fails this test for a vehicle group if the violation 

mileage is earlier using the additive fuel. The additive fails the overall test if it 

fails the test for a significant number of vehicle groups. In Attachment D (pages 

D43-D45), the results for the individual vehicle groups are presented, and the overall 

statistical test is performed for each pollutant. The results obtained when all 

vehicle groups are compared shows that HiTEC 3000 has no statistically significant 

adverse effect for any of the regulated pollutants, i.e., that violations do not occur 

at earlier mileages with the use of HiTEC 3000. 

The 50,000 mile certification exhaust emissions (g/mi) of the eight 
model groups in the waiver fleet are: 

Model 
Group 

C 
D 
E 
F 
G 
H 
I 
T 

HC 

0.23 
0.33 
0.14 
0.23 
0.17 
0.29 
0.26 
0.19 

CO 

2.50 
1.80 
3.30 
1.60 
2.00 
3.00 
2.60 
0.41 

J^x. 

0.16 
0.60 
0.50 
0.40 
0.24 
0.74 
0.24 
0.50 
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Maximum Percentage of Vehicles Failing Standard Test 

For this test, the average percentage of vehicles failing an emissions test is esti

mated for each vehicle group/fuel combination at each mileage point, based on the 

linear regression fit. Once the average percentage of vehicles in each group/fuel 

combination is determined, the estimated maximum percentage over all mileages 

from 0 to 50,000 is then calculated. Since this test as developed by the EPA is based 

on a linear regression model, if the slope is positive, then the estimated percentage 

of vehicles failing the standard increases with mileage, and so the mileage at which 

the maximum percentage of vehicles is achieved is at 50,000 miles. (See further 

details in Attachment C.) 

This test compares the calculated maximum percentage for the clear-fueled vehicles 

with the HiTEC 3000-fueled vehicles and concludes that for a particular vehicle 

group the additive fails if the maximum percentage is greater for the additive-fueled 

vehicles than the clear-fueled. The results of this test (Attachment D, pages D46-

D48) show that HiTEC 3000 passes for all three pollutants and therefore would not 

cause a greater percentage of vehicle failures to meet applicable emission standards 

over 50,000 miles. 

Quadratic Regression-Based Adverse Effects Tests on 50,000 Mile Data 

Visual observation of the plotted raw data (Attachment B) indicated that a linear 

model may not be the most appropriate regression model for analyzing the entire 

data set and that a quadratic model might be more appropriate. This was confirmed 

in a number of statistical tests conducted to determine if the quadratic model pro

vided better "goodness of fit" than the linear model for each fuel/model group com

bination. These tests are described and the results are reported by model group in 

Attachment D (pages D49 to D66). For most model groups, a quadratic model pro

vided a better fit than a linear model for all three pollutants. 

Modifications to EPA regression-based adverse effects tests for quadratic regression 

were described in Section 3. The quadratic regression-based adverse-effects test 

results are summarized in Table 4-11. In each of these tests the results duplicate the 
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TABLE 4-11. Statistical analysis of 50,000 mile emissions data: results of 
quadratic regression-based adverse-effects tests. The table notes passes (P) for 
both the EPA nonparametric (NPARM) and SAI parametric (PARM) tests. 

H C CO N0X ~ 

Test NPARM PARM NPARM PARM NPARM PARM 

Quadratic regression slopes tests P P P P P P 

Quadratic regression P P P P P - P 
deterioration factors test 

Quadratic coefficient test P P P P P P 

Violation mileage test P P P P P P 

Maximum percentage of vehicles P P P P P P 
failing standard test 
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findings obtained when a linear regression model was used to analyze the data (Table 

4-9). That is, the use of HiTEC 3000 does not demonstrate an adverse effect on any 

regulated pollutant. 

Quadratic Regression Slopes Test (deterioration rate) 
Quadratic Regression Deterioration Factors Test 
Quadratic Coefficient Test 

In these tests, a curve for each pollutant, fuel, and model group is developed through 

the use of a quadratic regression model. The deterioration rate at any mileage point 

is then estimated as the slope of the regression curve at that mileage. The 

deterioration factor is the fitted (from the quadratic regression) 50,000 mile emis

sion rate divided by the fitted 4,000 mile emission rate. The quadratic coefficient is 

defined as the rate of change in the deterioration rate and, if negative, implies that 

deterioration is slowing down. The results are shown in Table 4-12. 

As can be seen in Table 4-12 and confirmed with statistical testing (Attachment D, 

pages D49-D60), HiTEC 3000 causes no adverse effect for any pollutant in regards to 

the 25,000 mile deterioration rate, 50,000 mile deterioration rate, quadratic coef

ficient, and deterioration factor. The quadratic coefficients are all negative, and 

those for HiTEC 3000 are equal to or less than those for the clear-fuel, indicating a 

faster decrease in deterioration rates relative to clear-fuel vehicles. These results 

are very important in evaluating the effect of HiTEC 3000 on emission control sys

tems. For all three pollutants, the deterioration rates for Howell EEE and HiTEC 

3000 are similar at 25,000 miles and substantially lower at 50,000 miles for HiTEC 

3000. As was evidenced in the IK versus 5K test, HiTEC 3000 was associated with a 

short-term adverse effect on HC emissions. The results from this analysis indicate 

again that the use of HiTEC 3000 has no additional adverse effect on HC emissions 

beyond 5,000 miles. 

A comparison of the deterioration factors obtained through the use of a quadratic 

regression model (Table 4-12) shows that the deterioration factors for HiTEC 3000 

are lower than the deterioration factors for Howell EEE for HC, CO, NOx. This is 
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TABLE 4-12. Comparison of deterioration rates and deterioration factors based 
on quadratic regression. The deterioration rate at any mileage point is 
estimated as the slope of the regression curve at that mileage. The 
deterioration factor is the fitted (from the quadratic regression) 50,000 
mile emission rate divided by the fitted 4,000 mile emission rate. The 
quadratic coefficient is the rate of change (decrease) of the deterioration 
rate. 

HC 

CO 

N0X 

EEE 
HiTEC 3000 

EEE 
HiTEC 3000 

EEE 
HiTEC 3000 

Estimated Deterioration Rate/ 

25 
10,000 

r000 Miles 

0.035 
0.036 

0.48 
0.42 

0.03 
0.01 

Miles 
50,000 Miles 

0.021 

0.005 

0.26 
0.10 

0.00 
-0.02 

Quadratic 
Coefficient 

-0.003 
-0.006 

-0.04 
-0.06 

-0.01 
-0.01 

Deterioration 
Factor 

1.77 

1.73 

2.30 
2.09 

1.44 

1.17 
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similar to the comparison of deterioration factors obtained through the use of a 

linear regression model. If the ratio calculated by dividing the deterioration factor 

for HiTEC 3000 by the deterioration factor for Howell EEE is again multiplied by the 

50,000 mile certification emission levels (see footnote 12), the resultant certification 

number would again be less than applicable standards. 

Violation Mileage Test 

As was seen in the violation mileage test using the linear regression model, HiTEC 

3000 passes all tests for all three pollutants (Attachment D, pages D61-D63). This 

again shows that the use of HiTEC 3000 would not cause a vehicle to exceed 

applicable emission standards earlier than a clear-fuel vehicle. 

Maximum Percentage of Vehicles Failing Standard Test 

The results of this test (Attachment D, pages D64-D66) confirm the findings found 

previously when a linear regression model was used to analyze the data. The use of 

HiTEC 3000 does not result in a greater percentage of vehicles failing emissions 

standards. 

CAUSE-OR-CONTRIBUTE TEST BASED ON 50,000 MILE DATA 

If, according to the EPA, an additive shows a significant adverse emissions effect, 

then an additional test can be applied to address the impact of this effect on exhaust 

emissions on compliance with applicable emission standards. This additional test 

examines whether the adverse emissions effect "causes or contributes" to a failure of 

vehicles to meet applicable emission standards. As described by the EPA, this test is 

similar in design to the maximum percentage of vehicles failing the standard test. It 

differs by asking if, at any mileage point, the percentage failure rate for the additive 

exceeds 10 percent and exceeds the percentage failure rate for the clear fuel. If this 
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occurs, the additive is presumed to cause or contribute to the failure of vehicles in 

that vehicle group to meet emissions standards. A sign test is used to determine if 

this "cause or contribute" effect occurs for a significant number of vehicle groups. 

As for the maximum percentage of vehicles failing standard test, both a linear and 

quadratic regression model were used to evaluate the effects of HiTEC 3000. The 

results obtained using either regression model are the same: the addition of HiTEC 

3000 does not cause or contribute to a failure to meet applicable standards (Attach

ment D, pages D67-D72). 

The results obtained in the seven adverse-effects tests developed by the EPA and 

modified by SAI and this cause-or-contribute test at 50,000 miles permit an overall 

appraisal of the effects of HiTEC 3000. No adverse effect is seen for either CO or 

NOx in any of the applied tests. One adverse effect is detected for HC: an initial 

small increase of 0.017 g/mi from 1,000 to 5,000 miles. No additional adverse effect 

from the use of HiTEC 3000 is seen after 5,000 miles. Finally, the effect seen 

between 1,000 miles and 5,000 miles has no impact on the ability of a vehicle fueled 

with HiTEC 3000 to meet applicable emission standards, as confirmed in the cause or 

contribute test. 

NON-REGRESSION ADVERSE-EFFECTS TEST RESULTS ON 75,000 MILE DATA 

The availability of 75,000 miles of accumulated data allowed for a much more 

detailed and long-term analysis of the effects of HiTEC 3000. The EPA tests can be 

applied, with modifications, to the 75,000-mile data, to test for any adverse 

effects. The results of the non-regression adverse-effects tests on the 75,000 mile 

data are summarized in Table 4-13. Data set ETHYL4S2 was again used as the main 

working set. Since no changes occurred in the initial mileage data, the initial mile

age test and the IK versus 5K test were not run again. 

9 0 0 2 5 r l 7 5 5 



P.79 

TABLE 4-13- Statistical analysis of 75,000 mile emissions data: 
results of nonregression adverse test effects. The table notes 
passes (P) and failures (F) for both EPA nonparametric (NPARM) and 
SAI parametric (PARM) tests. 

Test and Version 

1k versus 75k 

Equal car means 

Unequal car means 

Integrated emissions 

1k to 75k 

5k to 75k 

HC 
NPARM 

F 

P 

F 

P 

PARM 

F 

F 

F 

P 

CO 
NPARM 

P 

P 

P 

P 

PARM 

P 

P 

P 

P 

NOx 
NPARM 

P 

F 

P 

P 

PARM 

P 

P 

P 

P 
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IK Versus 75K Test 

This test is identical in design to both the IK versus 5K and IK versus 50K tests. 

The change in average emissions from 1,000 miles to 75,000 miles is calculated and 

the resultant values for each fuel type are compared. The statistical test results 

shown in Table 4-14 and fully detailed in Attachment E (pages E1-E6) indicate no 

adverse effect for either CO or NOx, but a small statistically significant increase in 

emissions between 1,000 and 75,000 miles for HC. Since this test is based on only 

two mileage points, and since the 75,000 mile averages are much more variable 

because of effects on emission rates of component changes at 50,000 miles, an alter

nate test was performed. 

The IK versus 75K test was performed on data set ETHYL4S3, which has adjustments 

for component change effects (described in Attachment G). In this case there was no 

significant difference in the emissions change from 1,000 miles to 75,000 miles for 

HC, CO, and NOx (Attachment E, pages E7-E12); the calculated HiTEC 3000 effects 

are shown in Table 4-14. The implication is that the effect seen in the IK versus 

75K HC test based on the working data set (ETHYL4S2) is attributed to component 

changes and not to HiTEC 3000. We note that the component changes affect CO 

comparisons as well. The decrease in emissions from 1,000 to 75,000 miles is 0.36 

g/mi without adjustments for component changes, and more than doubles to 0.75 

g/mi after adjustment for component changes. 
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TABLE 4-14. Change in emissions from 
1,000 to 75,000 miles (g/mi) . 

Howell HiTEC HiTEC 3000 
EEE 3000 Effect 

HC 0.167 0.197 +0.03 

CO 2.48 2.12 -0.36 

NOv 0.39 0.12 -0.27 

After adjustment for the effects of 
component changes 

HC 

CO 

NOx 

0.175 

2.54 

0.39 

0.180 

1.79 

0.11 

+0.005 

-0.75 

-0.28 

Integrated Emissions Test 

The results obtained in this test (Table 4-15) are identical to those obtained in the IK 

to 50K integrated emissions test (Attachment E, pages E13-E15). For CO and NOx, 

total integrated emissions are reduced through the use of HiTEC 3000. The short-

term (1,000 mile to 5,000 mile) increase in HC of 0.017 g/mi observed in those 

vehicles fueled with HiTEC 3000 again results in a failure in the 75,000 mile inte

grated emissions test, where the long-term effect is still 0.017 g/mi. 

To further evaluate the short-term effect on HC, this test was run a second time 

using 5,000 miles as the initial level (Attachment E, pages E16-E18). In this addi

tional test HiTEC 3000 does not show an adverse effect on HC emissions. This con

firms the result found earlier in the 5K to 50K integrated emissions test. In other 

words, the initial effect on HC emissions is seen at 5,000 miles, and no additional 

adverse HC effect is evident from 5,000 to 75,000 miles. Although two of EPA's 

adverse-effects tests are failed, there is only one adverse effect. 
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TABLE 4-15. Integrated emissions above initial 
levels (g/mi). 

From 1,000 to 75 

HC 

CO 

N0X 

From 5,000 to 75 

HC 

CO 

NOx 

000 

r000 

miles 

miles 

EEE 

0.128 

1.92 

0.22 

0.111 

1.70 

0.14 

HiTEC 3000 

0.145 

1.70 

0.10 

0.110 

1.40 

0.05 

HiTEC 3000 
Effect 
(g/mi) 

+0.017 

-0.22 

-0.12 

-0.001 

-0.30 

-0.09 
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Average Effects Analysis 

The average effect from 1,000 to 75,000 miles from the addition of HiTEC 3000 was 

calculated in the same manner as discussed previously using data set ETHYL4S2. 

However, the effects observed when vehicle components were changed at 50,000 

miles and the introduction of a potential tester bias at ECS Laboratories required 

special treatment in this test. 

For review, changes were made in the components of most fleet vehicles at 50,000 

miles to determine what effects on tailpipe emissions were the result of components 

after long-term mileage accumulation as opposed to fuel type. Analysis of these 

changes indicated that in general statistically significant increases occurred about as 

frequently as statistically significant decreases (Attachment G). In three model 

groups, however, statistically significant changes did occur with one fuel type but 

not the other. This required that the component changes be accounted for in the sta

tistical analyses of the 75,000 mile data. 

In addition, the illness of the primary tester at ECS Laboratories and his replacement 

by a group of testers raised a concern about this potential effect on emissions. The 

analysis described and results reported in Attachment H show that statistically 

significant tester differences occur for several model groups for all three pollutants. 

To account for the component change effect and the tester bias, data sets 

ETHYL4S3 and ETHYL4S4 were employed (data set ETHYL4S3 contains an adjust

ment calculated for the component effect change; data set ETHYL4S4 contains an 

adjustment calculated for the tester effect at ECS). The comparison of 75,000 mile 

average effects are shown in Table 4-16 for all three data sets. 

These comparisons are valuable for a number of reasons. First, they confirm that 

the HC effect from the use of HiTEC 3000 remains small. Without any adjustments 

for the component changes or tester bias, the difference between HC emissions over 

the total mileage accumulation program is only about 0.02 g/mi. This is an impor

tant point when compared to the earlier difference of about 0.02 g/mi also for 50,000 

mile data because it indicates that the effect of HiTEC 3000 remains constant 
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TABLE 4-16. Average effects of HiTEC 3000 up to 
75,000 Miles. 

Average Integrated 
Emissions, 1,000 
to 75,000 Miles 

(g/mi) HiTEC 3000 Effect 
EEE HiTEC 3000 (g/mi) 

HC 0.289 0.307 +0.018 

CO 3-30 3.08 -0.22 

N0V 0.55 0.43 -0.11 

After adjustment for component change effects 

HC 0.291 0.301 +0.010 

CO 3.31 2.97 -0.34 

N0X 0.55 0.43 -0.12 

After adjustment for ECS tester bias 

HC 0.286 0.305 +0.019 

CO 3.23 3.02 -0.21 

N0V 0.54 0.43 -0.11 

90025 -H 
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between 50,000 miles and 75,000 miles. On the other hand, the HiTEC 3000 effects 

on CO and NOx emissions are dramatically improved from the previous test. As seen 

in Figures 4-2 and 4-3, large CO and NOx reductions occur from 50,000 to 75,000 

miles. 

REGRESSION-BASED ADVERSE EFFECTS TEST RESULTS ON 75,000 MILE DATA 

In the earlier discussion of the regression-based adverse effects tests, references 

were made to the selection of the appropriate regression model for analyzing the 

post-50,000 mile data. Based on the statistical analyses conducted and on the visual 

review of the raw data, a quadratic regression model was considered superior to a 

simple linear regression model for use in the four regression-based adverse effects 

tests (Attachment C). A summary of results for these tests is shown in Table 4-17. 

Again, the regression-based adverse effects tests complement the findings of the 

50,000 mile data. For all tests, HiTEC 3000 does not cause a significant adverse 

effect on any regulated pollutant. 

Quadratic Regression Slopes Tests 
Quadratic Regression Deterioration Factors Test, and 
Quadratic Coefficient Test 

In these tests a quadratic curve is fitted through all test observations to 75,000 

miles. The deterioration rate at any mileage point is the estimated slope of the 

regression curve at that mileage. The deterioration factor is the fitted 75,000 mile 

emission rate divided by the fitted 4,000 mile emission rate. The quadratic coef

ficient is again calculated as the rate of decrease of the deterioration rate. 

Table 4-18 displays the three quadratic slopes, the quadratic coefficients, and the 

calculated deterioration factors. The results shown provide further evidence that 

the use of HiTEC 3000 is associated with a beneficial effect on CO and NOx emis

sions over a long-term mileage accumulation program and show no further adverse 

effect for HC emissions after 5,000 miles. For all regulated pollutants, statistical 
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TABLE 4-17. Statistical analysis of 75,000 mile emissions data: results of 
quadratic regression-based adverse-effects tests. The table notes passes (P) for 
both the EPA nonparametric (NPARM) and SAI parametric (PARM) tests. 

: HC CO N0l 

Test NPARM PARM NPARM PARM NPARM PARM 

Quadratic regression slopes test P P P P P P 

Quadratic regression P P P P P P 
deterioration factors test 

Violation mileage test P P P P P P 

Maximum percentage of vehicles P P P P P P 
failing standard test 
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TABLE 4-18. Comparison of deterioration rates and deterioration factors based on quadratic 
regression. The deterioration rate at any mileage point is estimated as the slope of the 
regression curve at that mileage. The deterioration factor is the fitted (from the quadratic 
regression) 75,000 mile emission rate divided by the fitted 4,000 mile emission rate. The 
quadratic coefficient is the rate of change (decrease) in the deterioration rate. 

cn 

HC 

CO 

N0X 

EEE 
HiTEC 3000 

EEE 
HiTEC 3000 

EEE 
HiTEC 3000 

Estimated Dete 
25,000 Miles 

0.035 
0.037 

0.52 

0.45 

0.04 
0.01 

rioration Rate/10, 
50,000 Miles 75 

0.013 
0.014 

0.25 
0.16 

0.05 
0.01 

000 Miles 
,000 Miles 

-0.008 

-0.009 

-0.03 
-0.12 

0.06 
0.01 

Quadratic 
Coefficient 

-0.004 
-0.005 

-0.05 
-0.06 

0.00 
-0.00 

Deterioration 
Factor 

1.83 
1.83 

2.69 
2.27 

1.85 
1.29 
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tests show that HiTEC 3000 does not show an adverse effect in regards to the 25,000 

mile deterioration rate, 50,000 mile deterioration rate, 75,000 mile deterioration 

rate, deterioration coefficient, and deterioration factor (Attachment E, pages El 9-

E33). 

One additional test was performed on the 75,000 mile data related to the quadratic 

regressions slope and factors tests. In order to determine what effect HiTEC 3000 

had on post-50,000 mile emissions for inclusion into MOBILE4, a linear regression 

model was used to develop a fitted line for the data from 50,000 miles to 75,000 

miles. The deterioration rates past 50,000 miles, calculated using linear regression, 

are shown in Table 4-19. 

TABLE 4-19. Comparison of 
linear deterioration rates 
past 50,000 miles. 

Deterioration Rate/ 
10,000 Miles 

EEE HiTEC 3000 

HC -0.002 +0.002 

CO -0.24 -0.16 

N0y 0.04 0.01 

Two points are worth noting. First, these deterioration rates are substantially lower 

than those for the first 50,000 miles shown in Table 4-10. Second, the statistical 

comparison of these slopes shows no adverse effect, i.e., no significant difference 

between clear fuel and HiTEC 3000 for any pollutant (Attachment E, pages E34-E36). 

Violation Mileage Test 

The results obtained when the mileage point at which the theoretical emissions vio

late applicable standards is calculated does not show an adverse effect from the use 

9 0 0 2 5 r l 7 

65 



P.89 

of HiTEC 3000 for any regulated pollutant (Attachment E, pages E37-E39). This is 

consistent with findings in the 50,000 mile assessment. 

Maximum Percentage of Vehicles Failing Standard Test 

In comparing the estimated maximum percentage of vehicles estimated to fail an 

emissions test, the results obtained on the 75,000 mile data show that HiTEC 3000 

passes for HC, CO, and NOx (Attachment E, pages E40-E42). In other words, no 

adverse effect is seen on the estimated percentage of vehicles failing applicable 

standards when vehicles are fueled with the HiTEC 3000 additive. 

CAUSE-OR-CONTRIBUTE TEST BASED ON 75,000 MILE DATA 

The design of this test is similar to that used in both the EPA's 1978 evaluation of 

HiTEC 3000 and previously used in this Appendix to assess the effects of the additive 

over 50,000 miles. A curved regression line developed from the quadratic regression 

model is used to determine whether any adverse emission effect that may result 

from the use of HiTEC 3000 will cause or contribute to the failure of vehicles to 

meet the emission standards for which they were designed. 

The results of this test (Attachment E, pages E43-E45) confirm once again that the 

use of HiTEC 3000 does not cause or contribute to the failure of vehicles to meet 

HC, CO, and NOx standards for which they were designed. 
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5 DISCUSSION AND CONCLUSIONS 

With the enactment of the 1977 Amendments to the Clean Air Act, Congress created 

a new program for regulating automobile fuels and fuel additives. This program, 

embodied in Section 211(f) of the Act, required manufacturers of new fuels and fuel 

additives to demonstrate that their products would not cause or contribute to the 

failure of vehicles to meet applicable emission control standards. 

The enactment of Section 211 reflected to some degree Congress' belief that the 

development of new fuels and fuel additives could further the air quality goals of the 

Clean Air Act. In addition, the EPA was expressly required to give "special empha

sis" to those products "which, when used, result in decreased atmospheric 
13 emissions." The program developed and conducted by Ethyl Corporation in support 

of this application addresses the concerns voiced by Congress in 1977 and the 

requirements established by the EPA for carrying out Congress' intent. 

To thoroughly assess the effects of HiTEC 3000 in unleaded gasoline and to 

determine if the use of this product causes or contributes to the failure of emission 

control systems or devices to meet standards for which they have been certified, 

Ethyl designed one of the most comprehensive and extensive test programs ever 

undertaken by an individual company in support of a waiver application. This com

prehensive test program evaluated all possible effects on emission control systems 

that could arise from the general use of HiTEC 3000. Included in this program were 

75,000 miles of accumulated data as well as a complete statistical analysis of the 

observed emissions. 

1 3 42 U.S.C Section 7404(aXlXE) 
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In this appendix the statistical approach taken in support of this application has been 

carefully described and detailed. The analysis was based on precedents and protocols 

established by the EPA in previous waiver applications, modifications that were 

made because of the availability of data and more powerful statistical tests, and 

insights gained from conducting a mileage accumulation program of this magnitude. 

In addition, meetings were held with the EPA on several occasions; at these meet

ings, reviews of the statistical analysis work were presented. 

As was discussed in Section 3, the methods that have been applied by the EPA to 

demonstrate that an additive does not have a long-term deteriorative effect on emis

sion control systems are broadly defined in three types of tests. The first type of 

test, the initial emissions test, was developed by the EPA because of concerns that 

different initial emission levels for vehicles operated on different fuels could mask a 

fuel effect. The second type of test allows a waiver applicant to show that the fuel 

or fuel additive does not have a statistically adverse emissions effect. The third 

type of test established by the EPA addresses the effect of the additive on emission 

control systems from a different perspective. If a significant adverse effect exists, 

then the EPA applies a final test to address the impact of this change in emissions on 

compliance with applicable emission standards. This test evaluates whether the 

adverse emissions effect "causes or contributes" to a failure to meet emission 

standards. 

In the program discussed in this appendix, over 100 different statistical tests were 

run to evaluate the effects of HiTEC 3000 on HC, CO, and NOx emissions. The 

results of the prescribed EPA tests convincingly demonstrate that the use of HiTEC 

3000 in unleaded gasoline will not cause or contribute to the failure of emission con

trol systems to meet emission standards for which they were designed. Additional 

statistical tests support this conclusion. 

The results of this extensive analysis of 75,000 miles of accumulated mileage on 24 

cars fueled with Howell EEE and 24 cars fueled with Howell EEE with HiTEC 3000 

added are as follows: 

• There is no significant adverse effect of HiTEC 3000 on deterioration 

rates before or after 50,000 miles for HC, CO, or NOx. 
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There is no significant adverse effect of HiTEC 3000 on deterioration fac

tors for HC, CO, or NOx. 

There is no significant adverse effect of HiTEC 3000 on the estimated 

mileage at which the standard is first exceeded for HC, CO, or NOx. 

There is no significant adverse effect of HiTEC 3000 on the estimated 

maximum percentage of vehicles failing the standard over 50,000 miles or 

over 75,000 miles for HC, CO, or NOx. 

There is no significant adverse effect of HiTEC 3000 on the increase in 

emissions from initial mileage (1,000 miles) to 50,000 miles for HC, CO, or 

NOx. 

There is no significant adverse effect of HiTEC 3000 on the increase in 

emissions from initial mileage (1,000 miles) to 75,000 miles for CO or 

NOx; there is a small but statistically significant effect for HiTEC 3000-

fueled vehicles for HC. However, this adverse effect is attributed to 

changes in emission system components at 50,000 miles and not HiTEC 

3000. 

The change in emissions from initial mileage (1,000 miles) to 5,000 miles is 

not significantly greater for HiTEC 3000-fueled vehicles for CO or NOx; 

there is a small but statistically significant effect for HiTEC 3000-fueled 

vehicles for HC. 

The integrated emissions above initial levels from initial mileage (1,000 

miles) to 50,000 miles is not significantly higher for HiTEC 3000-fueled 

vehicles for CO or NOx; there is a small but statistically significant 

increase for HiTEC 3000-fueled vehicles for HC. However, the integrated 

emissions above 5,000-mile levels from 5,000 to 50,000 miles is not signifi

cantly higher for HiTEC 3000-fueled vehicles for HC. 
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• The integrated emissions above initial levels from initial mileage (1,000 

miles) to 75,000 is not significantly higher for HiTEC 3000-fueled vehicles 

for CO or NOx; there is a small but statistically significant increase for 

HiTEC 3000-fueled vehicles for HC. However, the integrated emissions 

above 5,000 mile levels from 5,000 to 75,000 miles is not significantly 

higher for HiTEC 3000-fueled vehicles for HC. 

No adverse effects were detected in HiTEC 3000-fueled vehicles for either 

CO or NOx in any of the statistical tests applied. In fact, CO and NOx 

emissions are substantially lower in vehicles fueled with HiTEC 3000. The 

statistical results reported in this study imply that the use of HiTEC 3000 

would result in statistically significant reductions in NOx and CO emis

sions. 

The single adverse effect for HC, a small increase in emissions from 1,000 

to 5,000 miles, does not cause or contribute to the failure of emission con

trol systems to meet the standards for which they were designed. 

The above summary shows that HiTEC 3000 passes all adverse-effects tests for all 

regulated pollutants, except that a small but statistically significant increase in HC 

in the first 4,000 miles accumulated in vehicles fueled with HiTEC 3000 is shown. 

The modified integrated emissions test with 5,000 miles as the base, which is passed 

for HC, clearly shows that the only adverse effect caused by the use of HiTEC 3000 

in unleaded gasoline occurs in the initial period of mileage accumulation. Despite 

this small short-term HC effect, the use of this product will have no significant con

tributory impact on the ability of an emission control system to meet applicable 

standards. This is a very important result and one that must be taken into considera

tion in the final determination of this product's effect. 

Furthermore, the use of a quadratic regression model in analyzing both the 50,000 

mile and 75,000 mile data must also be considered, in particular because of its ability 

to more accurately fit the emissions data generated beyond 50,000 miles. In all tests 

that use a regression model to compare the emissions of HiTEC 3000 vehicles with 

clear-fuel vehicles, HiTEC 3000 demonstrates no adverse or cause-or-contribute 
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effect on emissions. More specifically, the use of HiTEC 3000 results in a lower 

deterioration factor and an equal or lower deterioration rate for all regulated pollu

tants over both 50,000 and 75,000 mile ranges. In addition, the results obtained 

through the quadratic regression model for the 50,000 mile data show that, although 

the deterioration rates for all three pollutants are similar at 25,000 miles, they are-

substantially lower at 50,000 miles for HiTEC 3000. For the 75,000 mile data, the 

quadratic regression model shows similar deterioration rates at 50,000 and 75,000 

miles for HC for both fuel types and substantially lower deterioration rates for CO 

and NOx at the same mileages for the HiTEC 3000 fuel vehicles as compared to the 

clear fuel vehicles. This implies that, despite any short-term adverse effect caused 

by the product, the use of HiTEC 3000 does not cause or contribute to the failure of 

emission control devices to meet applicable emission standards, and is associated 

with a long-term beneficial effect for NOx and CO. 

CONCLUSIONS 

HiTEC 3000 in unleaded gasoline has no statistically significant adverse effect on 

emissions of CO or NOx; long-term benefits in controlling tailpipe emissions of CO 

and NOx can clearly be gained from the use of this product. This analysis shows that 

HiTEC 3000 has a small adverse effect on HC emissions between 1,000 and 5,000 

miles. However, no additional adverse effect on HC emissions is demonstrated 

throughout 75,000 accumulated miles, and this small HC effect does not cause or 

contribute to the failure of vehicles to meet applicable emissions standards. Finally, 

the results generated in this large-scale, well-designed, and closely controlled pro

gram on vehicles representing 53 percent of U.S. sales show that the general use of 

HiTEC 3000 will not cause or contribute to the failure of any emission control sys

tem to meet applicable emission standards. 
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Attachment A 

DATA LISTINGS FOR DATA SETS ETHYL4S2, 
FTHYL4S3, AND ETHYL4S4 
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DATA SET ETHYL4S2 
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Data Set ETHYL4S2 

P.98 

OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

Model 

0 
D 
D 
D 
0 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
0 
D 
D 
D 
D 
0 
D 
D 
D 
0 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
0 
D 
D 

Vehicle 
ID 

DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
DI 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 

Fuel 

EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 
EEE 

Mileage 

998 
1,017 
5 
5 
9 
9 
15 
15 
19 
19 
25 
25 
30 
30 
35 
35 
35 
35 
39 
39 
45 
45 
49 
49 
54 
54 
59 
59 
59 
59 
65 
65 
70 
70 
74 
74 
1 
1 
4 
5 
9 
9 
15 
15 
19 
19 
25 
25 
30 
30 
35 
35 
35, 

025 
044 
974 
993 
124 
143 
920 
,939 
002 
,023 
109 
127 
061 
080 
,126 
143 
899 
,918 
064 
087 
922 
941 
970 
989 
932 
,951 
970 
989 
057 
076 
,084 
102 
880 
899 
005 
024 
994 
013 
944 
963 
106 
125 
953 
972 
028 
047 
132 
151 
111 
129 
168 

HC 
(g/mi) 

0.272 
0.300 
0.307 
0.302 
0.342 
0.296 
0.393 
0.349 
0.408 
0.407 
0.402 
0.446 
0.534 
0.524 
0.572 
0.555 
0.510 
0.500 
0.630 
0.489 
0.596 
0.643 
0.601 
0.556 
0.678 
0.922 
0.708 
0.696 
0.837 
0.733 
0.734 
0.601 
0.645 
0.601 
0.737 
0.788 
0.278 
0.290 
0.279 
0.302 
0.341 
0.357 
0.375 
0.376 
0.467 
0.482 
0.460 
0.508 
0.606 
0.617 
0.677 
0.633 
0.559 

CO 
(g/mi) 

1.579 
1.816 
1.724 
1.692 
2.183 
1.934 
2.854 
2.386 
2.972 
3.280 
2.950 
2.927 
3.558 
3.668 
4.089 
4.014 
3.446 
3.476 
5.392 
5.270 
6.083 
6.073 
5.314 
5.117 
4.950 
6.687 
6.791 
6.179 
7.481 
6.963 
7.439 
5.989 
5.383 
5.604 
5.385 
4.705 
1.624 
1.743 
1.772 
1.905 
1.931 
2.415 
2.927 
2.703 
3.531 
3.327 
3.451 
3.246 
3.839 
3.882 
4.765 
4.183 
3.554 

NOx 
(g/mi) 

0.608 
0.571 
0.562 
0.615 
0.615 
0.659 
0.482 
0.501 
0.435 
0.441 
0.353 
0.337 
0.387 
0.356 
0.397 
0.405 
0.336 
0.367 
0.506 
0.477 
0.473 
0.498 
0.379 
0.362 
0.505 
0.604 
0.702 
0.598 
0.644 
0.617 
0.517 
0.444 
0.503 
0.504 
0.514 
0.476 
0.496 
0.517 
0.572 
0.501 
0.481 
0.556 
0.578 
0.480 
0.400 
0.416 
0.314 
0.324 
0.264 
0.232 
0.342 
0.334 
0.261 



Data Set ETHYL4S2 

OBS 

160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 

Model 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

Vehicle 
ID 

D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
06 
D6 
D6 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 
El 

Fuel 

HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 

Mileage 

24,945 
29 
29 
35 
35 
35 
35 
40 
40 
45 
45 
49 
49 
54 
54 
60 
60 
60 
60 
64 
64 
69 
69 
75 
75 

1 
4 
4 
9 
9 
15 
15 
19 
19 
25 
25 
30 
30 
30 
30 
34 
35, 
39 
39 
45, 
45 
49 
49, 
55, 
55 
60 
60 

,904 
919 
058 
,077 
115 
132 
117 
136 
068 
086 
,948 
966 
966 
984 
050 
069 
,088 
105 
943 
962 
975 
993 
127 
,146 
991 
015 
952 
970 
874 
891 
061 
080 
858 
876 
127 
146 
035 
053 
072 
097 
987 
005 
967 
985 
114 
140 
974 
992 
Oil 
029 
040 
059 

HC 
(g/mi) 

0.551 
0.621 
0.618 
0.702 
0.682 
0.621 
0.682 
0.688 
0.691 
0.635 
0.701 
0.691 
0.760 
0.618 
0.737 
0.745 
0.622 
0.565 
0.690 
0.778 
0.854 
0.657 
0.616 
0.619 
0.616 
0.092 
0.078 
0.150 
0.188 
0.175 
0.177 
0.179 
0.197 
0.223 
0.197 
0.213 
0.181 
0.193 
0.159 
0.228 
0.199 
0.203 
0.193 
0.207 
0.188 
0.195 
0.164 
0.190 
0.188 
0.234 
0.208 
0.249 
0.299 

CO 
(g/mi) 

3.732 
4.387 
3.835 
4.413 
4.949 
4.199 
4.237 
5.998 
5.542 
5.502 
6.144 
5.231 
6.152 
3.876 
5.043 
5.774 
5.238 
4.521 
5.711 
7.273 
7.754 
5.305 
5.027 
4.776 
5.781 
1.863 
1.684 
3.132 
3.808 
4.042 
4.017 
5.489 
5.177 
5.665 
5.256 
6.231 
5.190 
5.317 
4.802 
5.510 
5.594 
5.091 
5.201 
5.698 
5.241 
5.302 
4.964 
5.138 
5.703 
5.752 
4.901 
6.368 
9.073 

NOx 
(g/mi) 

0.426 
0.394 
0.409 
0.431 
0.391 
0.409 
0.426 
0.454 
0.465 
0.466 
0.547 
0.436 
0.517 
0.440 
0.566 
0.559 
0.618 
0.490 
0.562 
0.547 
0.575 
0.527 
0.512 
0.472 
0.571 
0.139 
0.205 
0.212 
0.202 
0.236 
0.268 
0.374 
0.299 
0.286 
0.365 
0.348 
0.311 
0.337 
0.359 
0.388 
0.356 
0.292 
0.317 
0.409 
0.352 
0.340 
0.386 
0.310 
0.406 
0.468 
0.378 
0.483 
0.529 



Data Set ETHYL4S2 

P.100 

OBS 

107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

Model 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

Vehicle 
ID 

D4 
D4 
D4 
D4 
D4 
D4 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D5 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 
D6 

Fuel 

HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 
HT3 

Mileage 

64,900 
64,919 
69,868 
69,887 
74,904 
74,922 

986 
1,005 
5,007 
5,025 
9,975 
9,993 
14,928 
14,946 
20,023 
20,041 
24,939 
24,958 
29,973 
29,992 
35,013 
35,031 
35,079 
35,097 
40,044 
40,062 
45,107 
45,125 
49,905 
49,923 
54,985 
55,003 
60,061 
60,080 
60,098 
60,115 
65,010 
65,028 
70,005 
70,029 
75,096 
75,115 
1,035 
1,064 
5,002 
5,021 
9,980 
9,998 
14,955 
14,974 
20,055 
20,074 
24,926 

HC 
(g/mi) 

0.655 
0.577 
0.561 
0.483 
0.762 
0.573 
0.270 
0.278 
0.320 
0.321 
0.326 
0.365 
0.389 
0.367 
0.522 
0.491 
0.477 
0.501 
0.633 
0.682 
0.662 
0.546 
0.583 
0.595 
0.551 
0.506 
0.612 
0.715 
0.912 
0.849 
0.658 
0.705 
0.741 
0.579 
0.502 
0.722 
0.753 
0.836 
0.499 
0.650 
0.611 
0.546 
0.264 
0.279 
0.330 
0.328 
0.328 
0.347 
0.449 
0.481 
0.528 
0.537 
0.548 

CO 
(g/mi) 

6.435 
5.868 
4.739 
4.262 
5.429 
4.554 
1.565 
1.667 
1.686 
1.801 
1.861 
2.364 
2.487 
2.612 
3.417 
3.482 
3.270 
3.618 
4.000 
3.986 
4.319 
4.259 
3.642 
4.010 
3.976 
4.409 
4.909 
4.504 
5.462 
5.405 
3.913 
4.469 
5.949 
4.703 
3.853 
5.888 
6.764 
6.304 
4.738 
4.279 
5.013 
4.976 
1.938 
1.522 
1.668 
1.874 
1.880 
2.269 
3.030 
3.316 
3.793 
3.388 
3.790 

NOx 
(g/mi) 

0.608 
0.582 
0.503 
0.468 
0.433 
0.425 
0.616 
0.600 
0.609 
0.575 
0.605 
0.581 
0.604 
0.506 
0.466 
0.447 
0.395 
0.396 
0.410 
0.371 
0.463 
0.411 
0.348 
0.355 
0.481 
0.611 
0.514 
0.491 
0.487 
0.464 
0.403 
0.554 
0.675 
0.569 
0.476 
0.603 
0.508 
0.516 
0.583 
0.504 
0.536 
0.522 
0.544 
0.583 
0.551 
0.482 
0.571 
0.825 
0.501 
0.438 
0.381 
0.453 
0.427 


